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Food Labeling: Health Claims and 
Label Statements: Sodium/ 
Hypertension 

AGENCY: Food and Drug Administration, 
HHS. 

t ACTION: Proposed rule. 

SUMMARY: The Food and Drug 
Administration (FDA) is proposing to 

9 authorize health claims on food labels 
and labeling that state that a low 
sodium diet is associated withiower 
blood pressure in some people. The 
agency reviewed the relationship 
between dietary sodium intake and 
hypertension under provisions of the 
Nutrition Labeling and Education Act of 
1990 (the 1990 amendments). On the 
basis of this review, the agency 
tentatively concludes that there is 
significant scientific agreement among 
experts qualified by scientific training 
and experience to evaluate such claims, 
and that the strength and consistency of 
the publicly available scientific 
evidence supports such claims. The 
agency’s tentative conclusion is based 
on its review of the scientific literature 
and on review of conclusions and 
recommendations provided in Federal 
government and other authoritatiye 
documents. 
DATES: Written comments by February 
25.1992. The agency is proposing that 
any final rule that may issue based upon 
this proposal become effective 6 months 
following its publication in accordance 
with requirements of the 1990 
amendments. 
ADDRESSES: Written comments to the 
Dockets Management Branch (HFA- 
305). Food and Drug Administration, rm. 
l-23, 12420 Parklawn Dr., Rockville MD 
20857. 
FOR FURTHER INFORMATION CONTACT: 
Ellen M. Anderson, Center for Food 
Safety and Applied Nutrition (HFF-266) 
Food and Drug Administration, 200 C St. 
SW., Washington, DC 20204.202-472- 
5375. Q1 
SUPPLEMENTARY INFORMATION: 

1. Background 
A. The Nutrition Lbbeling and 
Education Act of 1990 

On November 8,199O. the President 
signed into law the 1990 amendments 
(Pub. L. IOI-535), which amended the 
Federal Food, Drug, and Cosmetic Act 
(the act). The 1990 amendments, in part, 
authorize the Secretary of Health and 

Human Services (the Secretary) to issue 
regulations authorizing nutrient content 
and health claims on the label or 
labeling of foods. With respect to health 
claims, the new provisions provide that 
a product is misbranded if it bears a 
claim that characterizes the relationship 
of a nutrient to a disease or health- 
related condition, unless the claim is 
made in accordance with the procedures 
and standards established under section 
403(r)(l)(B) of the act (21 U.S.C. 
WW)(W). 

Published elsewhere in this Federal 
Register is a proposed rule to establish 
general requirements for health claims 
that characterize the relationship of 
nutrients, including vitamins and 
minerals, herbs, or nutritional 
substances (referred to generally as 
“substances”) to a disease or health 
related condition on food labels and in 
labeling. In this companion document, 
FDA has tentatively determined that 
such claims would be justified for 
dietary supplements as well as 
conventional foods only if the agency 
determines based on the totality of the 
publicly available scientific evidence 
(including evidence from well-designed 
studies conducted in a manner which is 
consistent with generally recognized 
scientific procedures and principles) 
that there is significant scientific 
agreement among experts qualified by 
scientific training and experience to 
evaluate such claims, that the claim is 
supported by such evidence. 

The 1990 amendments also require 
(section S(b)(l)(A)(ii), (b)(l)(A)(vi). and 
(b)(l)(A)(x)) that, within 12 months of 
their enactment, the Secretary shall 
issue proposed regulations to implement 
section 403(r) of the act (21 USC. 
343(r)), and that such regulations shall 
determine, among other things, whether 
claims respecting 10 topic areas, 
including sodium and hypertension, 
meet the requirements of section 
403(r)(3) of the act (21 U.S.C. 343(r)(3)). 
in this document, the agency will 
consider whether a claim on food or 
food products, including conventional 
foods and dietary supplements, on the 
relationship between sodium and 
hypertension would be justified under 
the standard proposed in the companion 
document entitled “Food Labeling: 
General Requirements for Health Claims 
for Food: Proposed Rule.” 
B. Sodium/Hypertension Relationship 
1. Hypertension 

Hypertension. commonly referred to 
as high blood pressure, is a serious 
public health concern. One in three 
adults in the United States is 
hypertensive (Ref. 85) approximately 58 

million adults (Ref. 23). Individuals with 
high blood pressure have an increased 
risk of developing stroke, heart disease, 
and several types of kidney disease 
(Refs. 43 and 62). Heart disease and 
stroke are 2 of the 10 leading causes of 
death in the United States (Ref. 43). In 
1988,35.3 percent of al) deaths were 
attributable to heart disease and 7.9 
percent to stroke (Ref. 82). 

In spite of improvements in the 
awareness and control of hypertension 
and a decline in related mortality rates 
for heart disease and stroke, 
hypertension continues to be a serious 
public health problem. Developing 
strategies to lower blood pressure in the 
general population remains an important 
public health goal (Ref. 74). 
2. Sodium and Salt 

Sodium is an essential nutrient with a 
variety of physiological functions (Ref. 
63). It is the major electrolyte of blood 
plasma and other noncellular fluid and 
is essential for maintenance of fluid and 
electrolyte balance within the body. 
Sodium is also necessary for normal 
kidney function, nerve conduction, and 
muscle contraction (Ref.‘7). 

Sodium requirements vary with age, 
physical activity, environmental factors, 
and pregnancy status. Estimates have 
been made for safe minimum daily 
requirements for sodium in healthy 
persons taking into account wide 
variations in climate and physical 
activity but not including an allowance 
for large or prolonged sweat losses. 
These estimates range from 
approximately 300 milligrams (mg) per 
day for children 2 through 5 years of age 
to 500 mg per day for adults over 18 
years of age (Ref. 63). In the United 
States, sodium is generally consumed 
well in excess of bodily needs. Dietary 
intake estimates range from 3,000 to 
6,660 mg per day (refs. 18. 34, 35, and 43). 
3. Relationship Between Sodium and 
Hypertension 

An association of salt intake with high 
blood pressure was first observed in 
1904 (Ref. I). Since then, considerable 
experimental evidence linking sodium 
intake to hypertension has accumulated 
[Ref. 14). This increasing body of 
evidence resulted in public health 
concerns about the high levels of sodium 
intake in the U.S. population (Refs. 3,9, 
11, 22, 43, 62, 63. and 85). Consequently. 
a series of recommendations for 
Americans to moderate or reduce their 
sodium consumption have been made 
(Refs. 43, 62, 63, and 85). 

Despite widely accepted 
recommenaations to reduce or moderate 
sodium intake, estimating the 
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effectiveness of sodium restriction in 
reducing blood pressure has proven 
difficult because high blood pressure 
has many causes, and blood pressure 
levels are affected by many factors. The 
1996 amendments require FDA lo review 
and evaluate the data on sodium and 
hypertension to determine whether 
health claims on this topic are 
appropriate. 
C. Sodium: Regulatory History 

Sodium and salt have long regulatory 
histories. Salt [sodium chloride) has 
been regulated as an ingredient (21 CFR 
166.140) and a flavoring (21 CFR 101.22). 
It has traditionally and historically been 
regarded as a generally recognized as 
safe (GRAS) substance (2l CFR 182.1). 
Sodium has been regulated as an 
essential nutrient (21 CFR 107.10, 2’1 CFR 
107.100, and current 21 CFR 101.9). 
However, in the early 1980’8, concern 
over high sodium consumption led to the 
GRAS safety review of sodium chloride 
(June 18,1982,47 FR 26590) and to FDA 
regulations (June 18,1982,47 FR 26580; 
April 18,1984,49 FR 15510) to include 
sodium content information on nutrition 
labels (current 21 CFR 101.9), to define 
descriptive terms for “low sodium” and 
“reduced sodium” foods (current 21 CFR 
101.13), and to permit sodium labeling 
without full nutrition labeling on foods 
used to regulate sodium intake (21 CFR 
105.69). 

The intent of these regulations was to 
provide guidelines for sodium and salt 
labeling on foods, to establish 
definitions for descriptor terms useful in 
labeling foods low in sodium and salt, 
and to encourage manufacturers to 
provide a greater number and variety of 
low sodium foods. The emphasis was on 
developing and maintaining policies 
appropriate for the general public so 
that consumers could structure their 
diets to meet individual health needs, 
and so that medical professionals could 
better manage those patients requiring 
control of dietary sodium intake. Two 
quotes summarize the agency position in 
1982 lo 1964. The first refers to the 
general public: 

Adult intake of sodium in the United States 
is in excess of physiological needs, and it 
would be prudent for the general population 
to reduce sodium intake whenever possible. 
The role of excess dietary sodium in the 
development of hypertension needs to be 
defined more clearly, but there is no evidence 
that a moderate reduction in sodium intake 
for the general public would have any 
adverse effects, and there is a strong 
indication that such a reduction would be 
beneficial to a large segment of the 
population. (47 FR 28580 at 26.581.) 

The second quote refers to that 
portion of the U.S. population 
predisposed lo hypertension: 

Although many epidemiological studies 
indicate a relationship between sodium 
intake and the prevalence of hypertension, 
the evidence that sodium consumption is a 
major factor in causing hypertension is not 
fully conclusive. Nevertheless. the evidence 
is strong enough for most members of the 
medical and scientific community to conclude 
that a substantial portion of the U.S. 
population which is predisposed to 
hypertension would benefit from a reduction 
in dietary sodium. (47 FR 26560 at 26561.) 

In the Federal Register of June la,1982 
(47 FR 26590). FDA reviewed the GRAS 
status of sodium chloride. Regulatory 
action was deferred until the agency 
could assess the impact of sodium 
descriptor and labeling regulations and 
voluntary efforts of manufacturers lo 
reduce the salt and sodium content of 
their products. It was recognized that 
salt occupies a unique place in the food 
supply because it occurs naturally in 
foods, has a wide variety of 
manufacturing uses, and has a long 
history of direct consumer use in food 
preparation and at the table. In addition, 
the level of dietary sodium 
recommended for different individuals 
varies widely, from severe sodium 
restriction for some hypertensive 
patients, to moderate restriction for 
others, to general recommendations to 
reduce sodium intake for the general 
public. FDA concluded that it would be 
impractical lo set upper safe limits for 
salt in individual foods, and that it was 
more appropriate to provide sodium 
content information than to try to 
restrict sodium use. In the years 
following the sodium labeling initiatives, 
FDA has taken no further action on the 
GRAS status of salt. 

Consideration of health claims for a 
sodium and hypertension relationship 
was first proposed by FDA in a 
reproposed rule on health messages 
published on February 13,199O (55 FR 
5176). Sodium and hypertension was 
proposed as one of six possible topics 
most likely to be suitable for health 
claims. 

Elsewhere in this issue of the Federal 
Register, FDA is publishing a 
supplementary proposal on mandatory 
nutrition labeling, Reference Daily 
Intakes (RDI’s), and Daily Reference 
Values (DRV’s) for nutrients. The 
proposed DRV for sodium is 2,406 mg. 
Also in this issue of the Federal 
Register, FDA is proposing a revision of 
nutrient content claims that include 
sodium content claims. 

D. Evidence Considered in Reaching the 
Decision 

The agency has reviewed relevant 
scientific evidence on sodium and 
hypertension. Federal government 
documents considered include the 
Surgeon General’s Report on “Nutrition 
and Health” (Ref. 431, the U.S. 
Department of Agriculture’s (USDA) and 
the Department of Health and Human 
Services, (DHHS) “Nutrition and Your 
Health-Dietary Guidelines for 
Americans” (Ref. 85). the National 
Institute of Health (NIH). National 
Heart, Lung, and Blood Institute’s 
(NHLBI) “The 1988 Report of the Joint 
National Committee on Detection, 
Evaluation, and Treatment of High 
Blood pressure” (Ref. 38), and the NIH/ 
NHLBI Hypertension Workshop (Ref. 
103) 

QL 

The agency also reviewed additional 
documents prepared by recognized 
scientific bodies: The National Academy 
of Sciences/National Research Council’s 
(NAS/NRC) “Diet and Heahh- 
Implications for Reducing Chronic 
Disease Risk” (Ref. 62), and the NAS/ 
NRC “Recommended Dietary 
Allowances” (Ref. 63). FDA recently 
contracted with the Federation of 
American Societies for Experimental 
Biology (FASEB), Life Sciences Research 
Office (LSRO) to prepare an 
independent evaluation of the available 
scientific evidence on the.relationship 
between sodium and hypertension. The 
agency has also considered the results 
of this “Sodium and Hypertension” 
review (Ref. 108). These reports 
considered the weight of the publicly 
available scientific evidence up until 
their pubhcation, and they provided a 
foundation for studies published 
subsequently. The agency considered 
the results of animal studies to the 
extent that they clarified human studies 
or suggested possible mechanisms of 
action. FDA updated the evidence in 
these documents by reviewing relevant 
human studies that have become 
available since 1988. The agency r 
evaluated one major, multinational 
investigation (Ref. 37). four clinical trials 
(Refs. 44.70.79, and 109), and three 
meta-analyses (Refs. 100,106, and 107). (L 

To ensure that its review of relevant 
evidence was complete, FDA requested, 
in the Federal Register of March 28,1991 
(56 FR 12932), scientific data and 
information on the 10 specific topic 
areas identified in section 3(b)(l)(A) of 
the 1990 amendments. The topic of 
sodium and hypertension was among 
the 10 subjects on which the agency 
requested information. 
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E. Comments Received in Response to 
FDA Requeqt for Scientific Data and 
Information 

FDA received 13 comments in 
response to the Federal Register request 
for data and information about the 
relationship between sodium and 
hypertension (56 FR 12932). One 
comment was a request for an extension 
for additional time for comments, and 
this request was denied because of the 
limited time available. Several provided 

t comments about the general process of 
writing health claims. Others expressed 
opinions in support of or in opposition to 
sodium reduction or health claims for 
sodium and hypertension. Among those 
taking positions, a manufacturer and a 
trade association opposed reducing 
sodium intake and sodium/hypertension 
health claims. Reduced sodium intake 
and sodium/hypertension health claims 
were supported by a professional health 
association, a distributor of health 
foods, and a foreign government. 

Comments from a trade association 
stated that health claims were 
inconsistent with the statutory 
requirements of the act. However, this 
comment was contained in a letter that 
was written before the enactment of the 
1999 amendments which explicitly 
authorize health claims. 

Comments from a State department of 
health, an association of State and 
territorial public health nutrition 
directors, a trade association, and a 
distributor of health foods included 
support for the 1990 amendments and 
the Surgeon General’s report (Ref. 43). 
The comments favored requiring 
significant scientific agreement as a 
precondition to a health claim and 
suggested that FDA should authorize 
such claims only if other nutrient levels 
do not contradict the health benefits 
from the substance. These comments 
said that such claims should emphasize 
the total diet rather than individual 
foods, supplementation, or fortification. 
Some expressed concern that industry 
could abuse health claims or that the 
general public could misinterpret them. 
One suggested that FDA should do a 
literature search to obtain an impartial 
selection of data for review. Another 
emphasized that the public should 
continue to rely on modern medicine for 
the cure and mitigation of diseases. FDA 
believes that the proposed rule is 
responsive to these concerns. 

Comments from a health food 
distributor and a professional health 
association made recommendations 
about levels of daily sodium intake. The 
health food distributor advised that 
adult sodium intake should not exceed 
1,600 mg per day, while the professional 

health association recommended that 
adult sodium intake should not exceed 3 
grams (g) (3,999 mg) per day. In this 
issue of the Federal Register, as stated 
above, FDA is proposing a DRV of 2,499 
mg of sodium per day. Comments 
concerning recommended daily sodium 
intakes are more appropriately 
discussed in response to the 
establishment of a DRV for sodium. 
Copies of these two comments have 
been placed under Docket No. 90N-9134. 

A distributor of health foods 
recommended a two-tiered approach to 
establishing the maximum amount of 
sodium that a food could contain and 
still bear a health claim. It suggested an 
absolute value (less than 199 mg of 
sodium per 199 calories) and 
recommended a secondary criteria 
based on the naturally occurring sodium 
levels in the various food categories. 
The health food distributor emphasized 
the importance of maintaining standard 
levels of other important nutrients and 
suggested that sodium/hypertension 
health claims would be misleading on 
low sodium foods if other ingredients in 
the food caused increased hypertension. 
These issues have been addressed in the 
proposed regulation on general 
requirements for health claims 
published elsewhere in this issue of the 
Federal Register. 

Comments from a trade association 
suggested that health claims should be 
national in scope and uniform 
nationwide, and that FDA should not 
proceed without the resources to 
adequately enforce any new regulations. 
Under the 1999 amendments, regulations 
established by FDA on health claims are 
national in scope. FDA is required to 
prepare appropriate regulations in 
response to the congressional mandate. 
The agency will enforce the food 
labeling regulations to the best of its 
ability with the resources available. 

Comments from a trade association 
suggested that model label statements 
should be created by expert advisory 
committees, evaluated through 
consumer testing, and published in the 
Federal Register for pt.blic comment. 
Manufacturers will have the latitude to 
develop claims that meet the 
requirements of the rule. FDA has 
tentatively decided that, under the act, 
the appropriate course is for the agency 
to determine the requirements that a 
health claim must meet. In this and other 
documents, FDA is proposing to 
authorize health claims and is proposing 
a model claim. FDA is inviting public 
comment on that model claim as well as 
on the proposed rule. 

Comments from both a State health 
department and a health food distributor 

suggested that health claims should 
recognize the Populations affected, refer 
to other factors that contribute to the 
disease, and emphasize the overall die: 
and lifestyle and not overstate the 
effectiveness of the nutrient or allow 
short descriptive statements separate 
from the total health claim. As discussed 
below and in the document on general 
principles for health claims, FDA’s 
proposal is responsive to these 
concerns. 

Several organizations sent in 
references for scientific studies. All 
recent and pertinent studies and 
comments concerning the scientific 
evaluation are included in the scientific 
review and summary elsewhere in this 
document. 

. A comment from a trade association 
included detailed objections to the 
Surgeon General’s report (Ref. 43) and 
the NAS report (Ref. 62) and suggested 
that the documents were outdated, 
incorrect, incomplete, and biased. The 
comment concluded that the reports 
should not be given special 
consideration. FDA disagrees with these 
comments and believes that the 
documents are appropriate for 
consideration. 

The Canadian Government also 
submitted a comment, outlining its 
position on the relationship of diet and 
nutrients to disease. The position 
reflects the work of the Canadian 
Scientific Review Committee (the 
Committee) (Ref. 34). The Committee 
reviewed the scientific data and 
recommended that the sodium content 
of the Canadian diet should be reduced. 
The report stated that there were 
insufficient data to support a 
quantitative recommendation. However, 
it concluded that a reduction in current 
sodium intakes of the Canadian 
population would involve no risk. 
Canada also pointed out that its Food 
and Drug Act expressly prohibits the 
sale or advertisement of foods 
represented to treat, prevent, or cure 
hypertension and other diseases. 
II. Review of the Scientific Evidence 

A. Introduction 
Definitions of hypertension are 

related to both contracting, or systolic. 
blood pressure (SBP) and resting, or 
diastolic, blood pressure (DBP) 
measurements, are based on 
correlations with risk of heart disease 
and stroke, and differ by organization 
and purpose (Refs. 4.17,27, and 33). 
Currently, individuals with SBP greater 
than or equal to 140 millimeters of 
mercury (mm Hg) or DBP greater than or 
equal to 90 mm Hg or currently taking 
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antihypertensive medication are 
considered hypertensive. Those with 
SBP less than 140 mm Hg and DBP less 
than 99 mm Hg are considered 
normotensive [Refs. 17,38, and 83). 
“High normal” DBP is defined as DBP 
between 85 and 89 mm Hg. All 
definitions are currently under review 
by the NIH/NHLBI Joint National 
Committee. 

In considering the scientific evidence 
on the relationship between dietary 
sodium intake and hypertension, FDA 
reviewed three Federal government 
documents [Refs. 38,43, and 85). a 
Federal government workshop (Ref. 
103). and three other documents from 
recognized scientific bodies (Refs. 82, 83, 
and 108). FDA also reviewed the human 
studies that have become available 
since these documents were written. 
The agency included in its review 
English language reports of primary 
human studies invoiving sodium and 
hypertension specifically. FDA 
considered review articles and issues 
involving hypertension or other 
nutrients only as they related to the 
primary relationship between sodium 
and hypertension. 
B. Federal Government Documents 

1. “The 1988 Report of the Joint National 
Committee on Detection, Evaluation, 
and Treatment of High Blood Pressure” 

“The 1988 Report of the Joint National 
Committee on Detection, Evaluation, 
and Treatment of High Blood Pressure” 
(Ref. 32) noted that research on 
hypertension prevention was in 
progress, and that recommendations for 
ways to prevent hypertension could not 
yet be made. It concluded that 
population studies suggest that low 
sodium intake, weight reduction, and 
moderation of alcohol consumption may 
contribute to prevention of age-related 
increases of blood pressure. The report 
noted that “high sodium intake plays a 
critical role in maintaining the elevated 
blood pressure of some hypertensive 
patients and in limiting the effectiveness 
of certain antihypertensive drugs,” and 
that “some patients with mild or 
moderate blood pressure elevation may 
achieve control through moderate 
sodium restriction.” The report observed 
that there is no easy way to identify 
specific individuals who would profit 
from sodium restriction and indicated 
that moderate sodium intake 
(approximately 1,599 to 2,588 mg per 
day) produced no serious adverse 
consequences. 

2. “The Surgeon General’s Report on 
Nutrition and Health,” 1988 

‘The Surgeon General’s Report on 
Nutrition and Health” (Ref. 43) observed 
that epidemiological studies have shown 
that, in populations with low sodium 
intake, blood pressure does not rise with 
age, and that populations with low 
blood pressure do not generally 
consume much salt. The report noted 
that the correlation between salt intake 
and blood pressure is not consistent in 
population studies, and that the 
associations among individuals within a 
population have been less consistent, 
which may be due to methodological 
reasons. 

The report observed that long-term 
clinical studies have shown that 40 
percent of hypertensive patients and 30 
percent of mildly hypertensive patients 
could control their blood pressures by 
reducing sodium intake below 1,150 and 
1,729 mg per day, respectively. It further 
noted that the effect of sodium 
restriction has been less well studied in 
normotensive populations as compared 
to hypertensive populations. There are 
fewer studies of normotensive 
individuals, and the studies have been 
small in size and short in duration. A 
few studies have indicated that dietary 
sodium restriction in normotensive 
adults or infants can result in small 
blood pressure decreases. 

The report observed that intervention 
studies have suggested that sodium 
restriction and weight control can be 
beneficial in helping control 
hypertension in mildly hypertensive 
individuals who have discontinued their 
antihypertension medication. 

The Surgeon General’s Report on 
Nutrition and Health” concluded that 
“[dlietary factors that clearly contribute 
to high blood pressure include obesity 
and excessive intake of sodium and 
alcohol,” and that “[sltudies indicate a 
relationship between a high sodium 
intake and the occurrence of high blood 
pressure and stroke.” 

The report observed that the average 
sodium consumption by US. adults 
(4,OOO to 6,888 mg per day) significantly 
exceeds the range that NRC estimated in 
1988 as would be a safe and adequate 
daily intake (1,188 to 3,300 mg). It noted 
that there is no easy way to identify 
individuals who would profit from 
sodium restriction, and that some 
individuals appear to respond to sodium 
restriction and are considered “salt- 
sensitive” and others do not respond 
and are considered “salt-resistant.” The 
report observed that there is no 
practical way of distinguishing the t +vo 
groups other than by measuring the 
blood pressure response itself. It 

, 

concluded that moderate reduction of 
dietary sodium would not be harmful 
and might be of significant benefit to 
that portion of the population at risk of 
developing hypertension. The report 
suggested that most Americans should 
consider reducing their sodium intake by 
choosing foods with less sodium, using 
less sodium in food preparation, and 
adding less sodium at the table. 
3. “Nutrition and Your Health-Dietarv 
Guidelines for Americans,” 1990 t 

In 1998 “Nutrition and Your Health- 
Dietary Guidelines for Americans” (Ref. 
85) made seven nutrition 
recommendations for the US. a 
population. Among other suggestions, it 
stated that Americans should “[u]se salt 
and sodium in moderation” and 
recommended that Americans choose 
foods with less sodium, use less sodium 
in food preparation, and add less 
sodium at the table. 
4. Summary 

These three Federal government 
documents acknowledged a relationship 
between sodium intake in excess of 
physiological need and the prevalence 
of hypertension. There was agreement 
that limiting dietary sodium may benefit 
a portion of the population with 
elevated blood pressures, i.e., be of 
benefit for some hypertensive 
individuals, Dietary Guidelines and the 
Surgeon General’s report also indicated 
that in addition to benefitting 
individuals identified as hypertensive, 
moderation of dietary sodium might also 
benefit the portion of the normotensive 
population at risk of developing 
hypertension. 
C. Federal Government “Workshop on 
Salt and Blood Pressure. ” 19619 

On November 1 and 2,1989. NHLBI 
sponsored a “Workshop on Salt and 
Blood Pressure” to review the scientific 
evidence on the relationship between 
sodium and blood pressure, to consider 
the variability in human response, to 
review research findings relative to 
clinical and public health policies, and 
to provide recommendations for future 
research (Ref. 183). Three articles that 
resulted from this workshop (Refs. 109, 
111, and 114) are discussed elsewhere in 

1) 

this document. Positions and opinions 
expressed at the meeting were highly 
polarized on the value of salt restriction. 
A wide range of topics was presented, 
and the scientific discussions reflected 
the controversy surrounding this topic. 
Some participants at the conference 
supported reducing sodium intake and 
argued that the relationship is 
scientifically supported (Refs. 94,97, and 



113). that many hypertensivee are “salt- 
sensitive” (Ref. Q5). that there are no 
negative consequences of decreased 
sodium intake (Ref. 98), end that since 
the target population cannot he 
identified easily or cheaply (Ref. 104). a 
population approach, which is often 
used for nutrition policies [Ref. 99). is 
necessary (Ref. 104). Some indicated 
that reductions in sodium intake are 
possible because interventions have 
been successful and have made 
significant contributions to treatment 
and prevention (Ref. 981. Others 
contended that only expensive, labor- 
intensive interventions with highly 
motivated participants have been 
successful (Ref. 105). and that the most 
pragmatic appruach would he to alter 
the sodium content of the entire food 
supply (R& 102 and 105). 

Other participants opposed reducing 
sodium intake and contended that more 
research is necessary because 
electrolytes other than sodium may 
affect hypertension [Ref. 1101. Some 
indicated that sodium restriction affects 
people in very different ways. and that 
some individuaIs might be closer to a 
critical deficit of extracellular fluid or 
might have more difficulty reconstituting 
losses after acute saR-depleting stress. 
They argued that sodium reduction 
should be used c&y fbr individuals at 
risk and for those ln whom it has proven 
effective (Ref. I%?). Some asserted that 
long-term, substantial reductions in 
sodium intake have not been 
successfully achieved in comparative 
trials (Ref. 113). 

1. “Diet and Health-Implications for 
Reducing Chronic Disease Risk,” 1989 

The NAS ‘“Diet and Health- 
Implications for Reducing Chrdc 
Disease Risk” (Ref. 82) observed that 
cross-cultural, epidemiological studies 
show that blood pressure does not 
increase-with age, end that there is a 
low prevalence of hypertension in 
populations with low sodium intake. 
However, the reletionship between low 
sodium intake and low blood pressure 
or low incidence of hypertension hes 
be8n less consistent in epidemiological 
studies within individual cultures. The 
report noted that INTERSALT, a lz+rge, 
multinational, pooled study. showed 
both a small but significant positive 
correlation between sodium excretion 
and IIXZUI SBP and also a siguificant 
positive correlation b&ween sodium 
excretion and increases in blood 
pressure that occur with age (Ref. 37). 

The report observed that small, short- 
term clinical studies suggest that sodium 
restriction is related to reductions in 

blood pressure In noraMensive 
individuals. However. these results have 
not been confirmed in long-term, 
prospective, controlled trials in 
normotensive populations. 

The report noted that animal studies 
support the conclusions from human 
studies. High salt intalre appears to 
promote the de-t of high blood 
pressure in some animal models, 
especially when renal defects reduce the 
ability of the kidney to excrete salt. The 
report noted that these findings suggest 
that high-salt diets in combination with 
reduced sodium excretion may be 
related to the development of 
hypertension in humans. It further noted 
that, once high blood pressure is 
induced by high sodium intake, it cannot 
necessarily be reversed by resumption 
of a moderately low intake, due 
probably to irreversible changes in the 
kidney. 

“Diet and Health-Implications for 
Reducing Chronic Disease Risk” 
concluded that: “[bllood pressure ieveh 
are strongly and positively correlated 
with the habitual intake of salt,” and 
that “the weight of evidence supports 
the contention that intake of sodium is 
an important factor in the occurrence of 
hypertension.” The report recommended 
that total daily salt intake should be not 
greater than 6 g (2,400 mg sodium), with 
a possible future goal of 4.5 g salt (1.800 
mg sodium). It suggested reducing salt 
and sodium intake by chbosing low 
sodium foods and using less sodium in 
food preparation and at the table. The 
report observed that there is a wide 
variability in genetic susceptibility to 
salt-induced hypertension, that some 
people are more salt-responsive rsalt- 
sensitive”) than others, end that there is 
no reliable way to identify individuals in 
the population who would benefit from 
sodium restriction. It concluded that 
limiting dietary sodium may be of 
significent benefit to that portion of the 
population at rl8k of developing 
hypertension and’noted that the 
recommended intake levels would not 
be harmful to the general public. 
2. “Recommended Dietary AlIowenczs,” 
1989. 

“Recommended Dietary Allowances.” 
10th Edition /Ref. fM] noted that: 
“[slustained overconsumption of 
sodium, particu!erly as salt. has been 
related to development of hypertension 
in sensitive individuals.” It auppcrrted 
the recommendation of the NAS Report 
to limit daily sodium intake to 2.400 mg. 
It noted that 500 mg sodium per day is a 
safe minimum intake for adults, and that 
there is no known advantage in 
consuming large emounts of 8odium. 

3. “Dletery Sodium CMoride end B~xu.I 
Pressur&” 1991 

FASEB recently prepared an 
independent evaluation of the available 
scientific evidence on the relationship 
between sodium and hypertension [Ref. 
108). The FASEB report concluded that 
the assuciatirm betw8en increased 
sodium or saft intake end increased 
blood pressure is due to sodium and 
chloride in combination, and that the 
increase is mitigated by the presence of 
potassium and calcium ions. It indicated 
that the most convincing evidence 
comes both horn studies across 
populations and from controlled clinical 
trials which have shown a small, 
significant positive correlation between 
dietary sodium chloride intake and 
blood pressure for hypertensive and 
norm&em&8 individuals. 

The FASEB report noted that studies 
within populations have been 
inconclusive or have shown a low 
correlation. The report noted that there 
was Jittle long term information about 
the effect of dietary sodium intake on 
the development of hypertension, and 
that the available data have been 
inconclusive. The report conciuded that 
observational data and intervention 
trials document a small, but consistent 
effect of dietary sodium chloride on 
blood pressure. 
rl.!sulmnaq 

There is general agreement among the 
three authoritative documents that there 
is a relationship between sodium intake 
and hypertension 
E. Review of the Saiar;ific Evidence 
Since the Authoritati~ lblqmts 
1. INTERSALT, 1988 

INTERSALT (Ref. 37) was a large, 
multinati~ invest&&ion of the 
relationship between el8&olytes, 
including sodium, and L&J& pressure 
(Table 1). The intent was to apply highly 
standard&d method8 across varied 
jqulations, to examine the major 
confounding factors, aed to evaluate the 
relationships in indiridflals (Ref. 64). 
The study involved 10,03Q ad&a in 62 
papdation centers arotind the world 
(Refs. 37.50 through 54.58.59, and 64). 
Within-individual variability in sodium 
excretion was estimated using data from 
a random sampling 18 percent) of 
individuals who provided two M-hour 
urine cobctions. The wit&n-center data 
were pooled, and a statistically 
significant relationship between sodium 
intake and increased SEW was reported. 
A relationship between sodium inteke 
and DBP was significant under some 
analysis wnditions and not others. 
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Similar results were found when the 
data were analyzed by gender and by 
age (Ref. 511, and when the 
normotensive population was 
considered independently (Ref. 50). 

The across-center data analysis 
considered relationships between 
sodium intake and blood pressure and 
between sodium intake and trends in 
blood pressure with age. The data were 
analyzed with and without four isolated 
population centers, two Brazilian Indian 
(Yanomamo and Xingu), the Papua New 
Guinean, and the Kenyan. These four 
centers had exceptionally low median 
sodium intakes (ranging from 5 to 1,280 
mg per 24 hours) and the lowest average 
blood pressures of all 52 centers (SBP of 
103 mm Hg, DBP of 83 mm Hg) (Ref. 58). 
The relationship between sodium iniakk 
and blood pressure, across centers, was 
strongly dependent on the inclusion or 
exclusion of these four populations. 
When these populations were included, 
the relationship between sodium intake 
and blood pressure was positive and 
significant. Results were negative and 
significant or inconclusive when these 
four populations were excluded from the 
analysis. The relationship between 
sodium intake and trends in blood 
pressure with age was positive and 
significant under all analysis conditions. 
The four centers with exceptionally low 
sodium intakes had little or no upward 
slope of blood pressure with age and 
low prevalence of hypertension (5 
percent in Kenya, absent in remaining 
three centers) (Ref. 58). The Yanomanu 
Indians consumed as little as 1 mg of 
sodium in 24 hours and appeared 
healthy and physically active with no 
evidence of malnutrition or protein 
deficiency (Ref. 59). 

The INTERSALT Cooperative 
Research Group analysis included 
adjustments for age, sex, potassium 
excretion, body mass index, and alcohol 
intake. The group estimated that an 
average sodium reduction of 108 
milbmole (mmol) per day (2,300 mg 
sodium] would correspond to an average 
reduction in SBP and DBP of 2.2 mm Hg 
and 0.1 mm Hg, respectively, on a 
population basis. In addition, assuming 
a cumulative effect over time, the group 
estimated the difference that this 2,300 
mg reduction in sodium would have on 
the age-related increase in blood 
pressure that is characteristic of 
Western populations. It calculated that 
the average blood pressure would 
increase more slowly and, after 30 years 
(from 25 to 55 years of age), would be 9.0 
mm Hg (SBP) and 4.5 mm Hg (DBP) 
lower than it would have been with a 
diet higher in sodium. The INTERSALT 
Cooperative Research Group concluded 

that even these small changes in blood 
pressure could result in important public 
health benefits when applied to the 
population as a whole. 

In recent years, there have been many 
published opinions on the INTERSALT 
findings. In reviewing the totality of 
publicly available scientific evidence, 
FDA also included these articles and 
considered the INTERSALT findings in 
this total context. The arguments were 
similar to those expressed at the 
government workshop discussed above. 
Several authors supported sodium 
restriction and emphasized the 
predicted benefits on a population basis 
(Refs. 52,80,89,75,111, and 114). Two 
authors objected to sodium restriction, 
contended that it is unclear whether the 
relationship is nonexistent or small with 
negligible benefit, and expressed 
concern about potential adverse effects 
of sodium restriction (Refs. 90 and 120). 

The Stamlers, et al. (Refs. 89 and 114) 
used the INTERSALT data (Ref. 37) to 
estimate that the 2.2 mm Hg reduction in 
SBP would correspond to a 4 percent 
reduction in coronary mortality and a 8 
percent reduction in stroke mortality, or 
12,ooO fewer U.S. deaths each year for 
people in the age range from 45 to 84. 
They estimated that the 9 mm Hg 
reduction in the expected increase in 
blood pressure from age 25 to 55 would 
correspond to a 18 percent reduction in 
deaths from coronary heart disease 
(U-ID) and a 23 percent reduction in 
deaths from stroke. R. Stamler estimated 
that 85 percent of the American 
population have some risk for mortality 
associated with blood pressure levels 
(Ref. 114). 
2. Clinical Trials (Table 2) 

Many of the studies considered 
involved hypertensive subjects. Dustan 
and Kirk (Ref. 121) investigated sodium 
depletion (218 mg sodium per day) and 
loading (varied by body weight, added 
90 mg sodium per kilogram (kg) pet day) 
in 31 hypertensive and 84 normotensive 
subjects. The authors reported that in 
hypertensives and some normotensives, 
mean arterial blood pressure fell with 
sodium depletion and rose with sodium 
loading. In other normotensives, blood 
pressure remained stable throughout. 
The study phase was very short (4 days 
sodium depletion, and 3 days sodium 
loading), and the sodium loading was 
administered intravenously which 
introduced additional uncontrolled 
variability. In addition, the sodium 
depletion regime was very extreme, 
allowing only 210 mg sodium per day. 

Lasaridis et al. IRef. 551 studied the 
responses of 18 (lb male,‘(l-female) 
hypertensive patients to controlled diets 
low (1,150 mg per day) and high (4,600 

mg per day] in sodium. Average supine 
blood pressure rose significantly (8.7 
mm Hg). Average standing blood 
pressure rose (5.0 mm Hg), but the 
increase was not significant. The study 
size (18 subjects) was small. 

The Australian National Health and 
Medical Research Council Dietary Salt 
Study Management Committee (Ref. 44) 
conducted an 8-week, double blind, 
placebo-controlled intervention study 
with 103 (88 male, 17 female] mildly 
hypertensive subjects (DBP: 90 to 100 
mm Hg). Lower and statistically 
significant decreases in SBP (average 
decrease of 8.1 versus 0.8 mm Hg) and 
DBP (average decrease of 3.7 versus 0.9 
mm Hg) were observed in fhe low 
sodium intake group (1,840 mg sodium 
per day] as compared to the normal 
sodium intake group (3,880 mg sodium 
per day]. A large range of variation in 
individual response was observed but 
not confirmed. 

* i 

The Australian National Health and 
Medical Research Council Dietary Salt 
Study Management Committee (Ref. 45) 
continued the intervention study into a 
crossover design. Eighty eight (73 male, 15 
female) subjects continued intothe 
second phase of the study. Similar 
decreases in SBP (average decrease of 
8.0 versus 0.1 mm Hg] and DBP (average 
decrease of 4.1 versus 0.4) were 
observed for the low and high sodium 
intake groups when the data were 
analyzed as a parallel design identical 
to that of the first study (Ref. 441. When 
individual response was considered in 
accordance with the crossover design of 
this second study, the average reduction 
was 3.8 mm Hg (SBP) and 2.1 mm Hg 
(DBP) in the placebo phase (1,840 mg 
dietary sodium per day) versus the diet 
phase (1,840 mg dietary sodium plus 
1.840 mg sodium chloride tablets per 
day). 

Koopman et al. (Ref. 78) conducted an 
intervention trial in 28 mild to moderate 
hypertensives (average initial SBP of 
144.5 mm Hg and DBP of 95.4 mm Hg) to 
encourage reduced sodium diets through 
dietary counseling and feedback from 
results from urinary sodium excretion. 
At the end of 18 months, the average 
sodium had decreased by 510 mg per 24 
hours (from 3,590 to 3,080 mg), jr 
accompanying average decreases in SBP 
of 3.7 mm Hg and in DBP of 4.0 mm Hg. 
In general, over the 18 months, the 
sodium intake and blood pressure 
decreased over the first 8 months and 
then remained at the lower levels for the 
rest of the trial period. Four subjects 
dropped out because of high blood 
pressure. This was a small study (18 
subjects) with no untreated control 
group (CC). 
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In another study of mildly 
hypertensive subjects, Luft et al. (Ref. 
79) used a placebo controlled, crossover 
study design to investigate sodium 
effects on blood pressure of 10 mildly 
hypertensive (SBP > 140 mm Hg or DBP 
> 90 mm Hg) and 10 normotensive (SBP 
< 240 mm Hg and DBP < 90 mm Hg) 
subjects (10 male, 10 female) (10 black, 
10 white). Sodium chloride (1,810 mg 
sodium per day) or sodium bicarbonate 
(1,810 mg sodium per day) supplements 
were supplied with a controlled basal 
diet (1,380 mg sodium per day). During 
the sodium chloride intake period, no 
statistically significant change in blood 
pressure was observed in either the 
mildly hypertensive or the normotensive 
group. The SBP of the mildly 
hypertensive group was decreased by 5 
mm Hg during the sodium bicarbonate 
intake period. The population size was 
small (2 groups of 10 subjects). 

In another study involving 20 (11 male, 
9 female) (5 black, 15 white) mild 
hypertensives (DBP: 90 to 110 mm .Hg), 
MacGregor et al. (Ref. 122) investigated 
blood pressure response in a crossover 
study involving three levels of sodium 
intake determined by urinary excretion 
(1,130 mg, 2,480 mg, and 4,370 mg sodium 
per 24 hours). Blood pressure increased 
stepwise with sodium intake (SBP: 147, 
155, and 163 mm Hg, DBP: 91,95, and 100 
mm Hg). The differences were 
statistically significant and were not 
affected by the order of sodium intake. 

Several studies involved 
normotensive subjects. In addition to the 
two studies considered above (Refs. 79 
and 121) Mascioli et al. (Ref. 109) 
conducted a double blind, placebo 
controlled, crossover study involving 48 
(79 percent male) (1 black, 47 white) 
normotensive (SBP < 150 mm Hg; DBP: 
80 to 89 mm Hg; not on antihypertensive 
medication or diagnosed as 
hypertensive) subjects, randomized into 
two groups, ingesting sodium capsules 
(2,210 mg sodium per day) or a placebo 
in addition to a low sodium diet 
(monitored as less than 805 mg sodium 
per a-hour overnight urine collection). In 

i 65 percent of the participants, SBP was 
higher during the sodium chloride intake 

a period than during the placebo period 
(Group 1: 4.3 mm Hg higher, 126,4 versus 
122.1 mm Hg: Group 2: 2.8 mm Hg higher, 
121.4 versus116.5mm Hg). In69percent 
of the participants, DBP was higher 
during the sodium chloride intake period 
than during the placebo period (Group 1: 
2.7 mm Hg higner. 78.6 versus 76.1 mm 
Hg; Group 2: 1.8 mm Hg higher, 76.5 
versus 76.6 mm Hg). The study used 
timed, overnight, a-hour urine excretion 
to assess adherence to low sodium diet. 

Mtabaji et al. (Ref. 80) investigated 
blood pressure response to salt intake in 
30 normotensive, black male 
Tanzanians. In the group on the low 
sodium diet (1,206 mg per 24 hours), the 
average mean arterial blood pressure 
decreased from 87 to 81 mm Hg, 
whereas, in the group on the high 
sodium diet (7,750 mg per 24 hours), the 
average mean arterial blood pressure 
increased from 86 to 89 mm Hg. The high 
sodium diet phase was excessively high 
in sodium (7,750 mg per day). 

Three studies, from Scotland (Ref. 41) 
Japan (Ref. 71) and Belgium (Ref. 421, 
were cross sectional. The Scottish heart 
health study (Ref. 41) investigated the 
relationship of blood pressure to sodium 
in 7,354 (3,754 male, 3.600 female) free- 
living subjects from 22 districts in 
Scotland. The study concluded that 
there was a weak, positive correlation 
between sodium and SBP (males: 0.025, 
females: 0.055) and between sodium and 
DBP (males: 0.026, females: 0.052) in 
both sexes. Sodium intake was not 
independently significant after 
multivariant analysis. Single sodium 
measurements in cross sectional studies 
do not assess previous or habitual 
sodium intake habits. 

Takemori et al. (Ref. 71) considered 
sodium intake and blood pressure 
response in 7,441 Japanese females from 
88 urban (3933 subjects) and 81 rural 
(3,508 subjects] municipalities including 
all prefectures in Japan. The authors 
concluded that an increase of 2,300 mg 
sodium per day was related to an 
increase in SBP of 4.5 mm Hg [urban: 4.1 
mm Hg; rural: 4.9 mm Hg) and to an 
increase in DBP of 1.6 mm Hg (urban: 1.2 
mm Hg; rural: 2.0 mm Hg). Spot urine 
and predictive equations were used to 
estimate 24-hour sodium which added 
uncertainty to the results. 

Staessen et al. (Ref. 42) conducted a 5- 
year, cross sectional, intervention trial 
in two Belgian towns (12,000 and 9,000 
inhabitants). A mass media campaign to 
avoid salt was implemented in one of 
the two towns, and the second town 
received no information and served as a 
control. Data from a random sampling of 
777 males and 733 females were 
analyzed. There were decreases in 
average urinary sodium, SBP, and DBP 
for men in the intervention town, and 
the trends in the control town were not 
significantly different. In women, 
sodium decreased in the intervention 
town and increased in the control town: 
where-e SBP and DRP decreased 
similarly in both towns. No conclusions 
about the relationship between sodium 
intake and blood pressure could be 
made. There was a large range of 
variability in the results, and no 

independent assessment was made of 
what information was available to 
inhabitants in the control town. 

Three of the studies were intervention 
trials. Stamler et al. (Ref. 70) conducted 
a B-year, dietary, multiple intervention 
trial involving 201 subjects with high 
normal blood pressure (DBP: 89 to R9 
mm Hg). The intervention group (IG) 
was encouraged to reduce alcohol and 
sodium intakes (goal: 1,800 mg sodium 
per day or less), reduce weight, and 
increase physical activity. The 
intervention group significantly modified 
their behavior in three of these four 
categories relative to the control group 
(CG), increased frequent, moderate 
physical activity, weight reduction, and 
sodium reduction (IG: drop of 25 percent 
from 3986 to 3040 mg sodium per day: 
CG: drop of 6 percent from 4,300 to 4,060 
mg sodium per day]. Both groups 
showed similar reductions in alcohol 
consumption. After 5 years, the 
incidence of hypertension (IG: 9 percent: 
CC;: 19 percent), the average SBP (IG: 
decrease of 2.6 mm Hg from 122.5 to 
119.8 mm Hg; CG: decrease of 1.3 mm Hg 
from 122.7 to 121.5 mm Hg), and the 
average DBP (IG: decrease of 1.3 mm Hg 
from 82.5 to 81.2 mm Hg; CG: decrease of 
0.1 mm Hg from 82.6 to 82.5 mm Hg) 
were significantly lower in the IG as 
compared to the CG. After multiple 
regression analysis, the independent 
effect of reduced sodium intake on 
lowering blood pressure was not 
statistically significant. Appropriate 
statistical tools were used to assess the 
effect; however, the analysis was 
complicated due to the four 
simultaneous interventions. 

The Hypertension Prevention Trial 
Research Group [Ref. 124) conducted a 
dietary counseling intervention 
involving 841 subjects randomized into 
four intervention groups and a control. 
The four interventions involved dietary 
counseling to encourage reduced 
calories, reduced sodium, reduced 
sodium and calories in combination, and 
reduced sodium and increased 
potassium. Sodium and blood pressure 
were reduced in all groups, including the 
control group. In the sodium only 
intervention group, sodium was reduced 
significantly at 6 months and marginally 
at 3 years. Blood pressure was generally 
lower in the sodium only intervention 
group than in the control group, but the 
decreases were not statistical!y 
significant. 

The Trials of Hypertension Prevention 
(TOHP) Collaborative Research Group 
(Ref. 123) investigated seven 
nonpharmacological interventions 
(weight loss and exercise; sodium 
restriction; stress management: and 
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‘i’hrec: meta-aralyses from one gro:!p 
IXefs. 163. IM. and :071 ccn~idcrec! the 
felationship of scdium intake to blxd 
pi-esrrxe amcng pcpulaticxs, within 
populations, and from clinical trials of 
salt reduction. In the analysis among 
Fop&&ions (UJWO subjects] (Ref. l08), 
12 economicslly undeveloped and 12 
economically developed communities 
were corzsidared separately. The authors 
developed a made1 to analyze the 
relationship of blood pressure to sodium 
intake. The variablfity in blood pressure 
increases with age was controlled by 
age-stratlflcd analysis. On a population 
basis, the analysis showed small but 
consistent increases in blood pressure 
wit!i increases in sodium intake for both 

economically developed and 
undeveloped populations. The 
magnitude of the increase was greater 
for older people and for those with 
higher initial blood pressures. A 
difference of sodium intake of 100 mmol 
Per day (2,300 mg) was associated with 
an average change in SBP of 5 mm Hg 
(rsnging from 3 to 7 mm Hg) for those 15 
to 13 years of age and of 10 mm Hg 
(ranging from 8 to 15 mm Hg) for those 
60 to 69 years of age. The magnitude of 
the change was greatest for those with 
higher initial blood pressure. Smaller 
changes were observed for those with 
lower initial blood pressure, but some 
change was observed in even the lowest 
blood p;cssure range. 

& : .~ ..5’Z ,‘t k”v L til s;:;, <a :n::,ke, -vtJ;i’ ;<w$? 
wrrplc fizcs are rz*:lircd to prodrlcc 
St%:l,;liCu2y sip;:‘l%ini resdts tcci;ti::n 
CS 2te 3~ti1.)sid~!lsd rcyridom error i:l 
mc;.s~~irig ss&um ictakz and the X+&Z 
r.q;z of bfa~d. ~;ce;~u~s associated 
with each !evcl of sodium intake. The 
ailll?ors ~ti~~,itfed tbaf a study icould 
IX ed to ix;c!ude NIXI tppertenjive 
subjects and 400 ~cnnotensive subjects 
to have a 50 percent probability of 
detecting sxh a sma!l effect. Doubting 
the sampie size wo~!d increase the 
probability to tar, percent. The authors 
concluded that, when estimates of the 
cqrrzlaticn <:f Faditlm intake and blood 
p~essurc ai? based on %-hour dietary 
intake data. the estimates of the true 
correlation zre too law, and the 
re!ntionship is stronger than previously 
reported. 

The third analysis included data from 
66 crossover trials and 10 randomized 
controlled trials [Ref. 1071. The authors 
concluded that lower sodium intake was 
associated with reduced bfood pressure 
in those with high and normal initial 
blood pressure levefs. The authors 
estimated that, in people between 50 
and 59 years of age, a 50 mmol per day 
(1,150 mg) reduction in sodium intake 
would lower SBP by an average of 5 mm 

Hg in the total population and by 7 mm 
Hg in those with initially high blood 
pressures. They also estimated that 
these lower blood pressure levels for th* 
entire population would result in a 26 
percent reduction in stroke and a 15 
percent reduction in heart disease in 
Western populations. 

Sodium intake was associated with 
b!ood pressure. Studies of 4 weeks or 
iebs zhi!wed smaller differences than 
studies that last& 5 weeks ar longer. 

Taken together, the three meta- 
t 

analyses concluded that the correlation 
between sodium inkike and blood 
pressure ita stronger than previccsly ?- 
es&mated, and that the INTERSALT 
study. among others, underestimated the 
magnitude of the currelation. The neta- 
aaelyses scpported the conc:u~!on that 
modest sodium intake is reia!ed to lower 
blsod pressure on a population basis 
afld sqgested a bencficiat effect on an 
individual basis, the magnitude 
depanding on the age aird the existing 
ths3 pressure si tbc indi,Jidual. 

4. Summary 

c..., $ ; ct. JI;;*:? ; :’ sgs;~3;~f~~ jl Ijic>,~rj 
~I‘ESSlll’f2 Witi iW:Fefi %*?d .Wd;um 
hk:~~~ton:~:e intake in ?D xl&y 
k::;r I-tt:Tf.:‘“;:: SdJj3Jr:~ yt(lF, 7y. j:si’ :.3p 
a;‘,<*; i .’ _ ,-L:s !L .!:2 sru”y e-.-! f9r a11 
!rU!ijCLiG tfdrr:;~ !hc sxliurn ci!ofi& 
intrtke periccl. :he res:ilts were 
i~~x:.d:x~v~. The rea::l!a of the :-yezir 
s!bdy in~xlvicg Fear s~mulfaneous 
iatervznhm. tha results of the s-year 
intervention in t;vo Belgian towns, and 
the results of the 3-year dietary 
counszhng intc.;vention were also 
inconclusive (Refs. Q,70. and 124). 
I-However, the large, multinational 
INTERSALT study (10,079 subjects) fRef: 
37),11 other recent studies (Refs. 41,~ 
45, 55,71.76,80,109,122,122. and 123), 
and 5 meta-analyses (Refs. 94,97,100, 
106, and 107) supported the relationship 
between sodiua intake and blood 
pressure levels. 

F. Summary and Conciusions 

There was significant scientific * 
consensus among the three Federal 
government documents (Eiefs. 35.43. and 
85). most of the posiiion papers 
presented at the Federal government 
workshop (Ref. 103), and the other 
documents of recognized scientific 
bodies (Refs. 62.63. and 108) that high 
die!ary sodium intake. particularly as 
sodium chloride, is related to the 
prevalence of hypertension, and that 
diets that are low in sodium will be 
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associated with low occurrences of 
hypertension. 

FDA updated the evidence in the 
documents described above by 
reviewing the totality of available 
human studies published since these 
documents. One study (Ref. 79) was 
negative in mildly hypertensive subjects, 
and four studies (Refs. K&70,79, and 
124) showed no effect or were 
inconclusive with respect to a 
relationship between sodium intake and 
blood pressure. The other studies (Refs. 
37,41,44,45,55, 71, 76, 80.94.97,100, 
106,107,109,121,122, and 123) 
supported the conclusions reached in 
earlier government and authoritative 
reviews which recognized a link 
between sodium intake and 
hypertension. Based on its review, FDA 
tentatively concludes that the 
contradictory or inconclusive studies are 
insufficient to affect the consensus 
among the government documents and 
other reviews discussed above. 

In summary, the effect of changes in 
dietary sodium on blood pressure is 
small but statistically significant. 
Changes in sodium intake are 
associated with changes in blood 
pressure across a wide range of 
normotensive and hypertensive blood 
pressures. Thus, reductions in sodium 
intake have broad applicability. The 
magnitude of the effect varies widely, 
with benefit for some but not for all 
individuals. This variability is typicai of 
nutrient and chronic disease 
relationships. The responsiveness of 
some individuals is thought to be the 
result of a “salt sensitivity”: however, 
the difficulty in identifying these 
individuals makes it impractical to 
predict those individuals most likely to 
benefit by moderation or reduction in 
sodium intake. There is some indication 
that different sodium salts may produce 
different blood pressure responses, and 
thus, increasing emphasis is being 
placed on the potential importance of 
the chloride ion in combination with the 
sodium ion in producing blood pressure 
increases. Additional research is needed 
in this area. However, because most 
sodium in foods is in the form of sodium 
chloride, this issue has little practical 
impact on public health policies. 
G. Tentative Decision To Authorize a 
Health CIaim Relating Sodium and 
Hypertension 

FDA reviewed the publicly available 
scientific data and authoritative 
documents on the association between 
dietary sodium intake and hypertension, 
On the basis of this review, the agency 
tentatively concludes that there is 
significant scientific agreement among 
experts who by training and experience 

are qualified to evaluate such evidence 
to support health claims that high 
sodium intake is related to the 
prevalence of hypertension. The basis 
for this decision is threefold: (1) The 
strength and the scientific evidence 
relating high sodium intakes to the 
prevalence of hypertension: (2) the 
extent and significance of the likely 
public health benefit; and (3) the safety 
of expected dietary changes. 
1. Scien!ific Evidence Is Sufficient to 
Support the Relationship 

Proposed 0 101.14(c) states that a 
health claim may be made if the 
Secretary determines, “based on the 
totality of publicly available scientific 
evidence (including evidence from well 
designed studies conducted in a manner 
which is consistent with generally 
recognized scientific procedures and 
principles), that there is significant 
agreement, among experts qualified by 
scientific training and experience to 
evaluate such claims, that the claim is 
supported by the evidence.” A 
companion document, published 
elsewhere in this issue of the Federal 
Register, considered this requirement 
and is proposing this standard for health 
claims for both conventional foods and 
dietary supplements. 

In the case of sodium and 
hypertension, the “totality of publicly 
available scientific evidence” included 
three Federal government documents 
derived through consensus-building 
processes (Refs. 38,43, and 85), a 
Federal government workshop (Ref. 
1031, three other documents prepared by 
recognized scientific bodies (Refs. 82,83, 
and 108), one major international 
epidemiological investigation (Ref. 37), 
17 clinical trials (Refs. 41.42,44.45,55, 
70,7X 78,79,80,94,97,109,121 through 
X24), and five meta-analyses (Refs. 94, 
97,100,108, and 107). 

In determining whether there was 
“significant scientific agreement,” FDA 
first looked for consistency in the 
conclusions and recommendations of 
the relevant, Federal government 
documents. The agency then considered 
the contribution of the Federal 
government workshop, other recent 
authoritative documents, and all 
pertinent human studies available since 
1988. In considering the value of 
particular studies and assessing the 
quality of the research that produced the 
data, FDA took into consideration the 
relevance of study objectives for 
examining the relationship of sodium to 
hypertension, the experimental design of 
the study, the treatment of resultant 
data. and the statistical significance of 
the conclusions. 

In reviewing the recent primary 
research, the agency looked for general 
agreement or disagreement with the 
conclusions and policy of the Federal 
government and other comprehensive, 
authoritative documents and evaluated 
whether inconsistencies in results from 
newer studies were sufficient to cause 
the agency to reverse or modify the 
conclusions reached in those earlier 
review documents. 

Throughout its evaluation, FDA 
focused primarily on human studies 
because the public health issue is 
hypertension in humans, and especially 
in Americans. In addition, FDA 
concentrated on the relationship 
between the nutrient, sodium, and the 
disease, hypertension. FDA is aware 
that a wide range of variables, in 
addition to sodium intake, have been 
reported to affect hypertension. Among 
others, these include chloride, calcium, 
and magnesium ions: chemical forms of 
sodium other than sodium chloride: the 
ratio of serum sodium to serum 
potassium: alcohol consumption: and 
obesity. Given the severe time 
constraints and other specific 
requirements of the 1990 amendments, 
FDA limited its evaluation of the 
scientific data to, the relationship 
between “sodium” and “hypertension.” 
The agency considered these other 
issues to be peripheral, and they were 
addressed only if they related directly to 
interpretation of the relationship 
between sodium and hypertension. 

In general, the Federal government 
documents (Refs. 38,43, and 85). the 
Federal government workshop (Ref. 
1031, and the other documents (Refs. 82, 
63, and 108) were in agreement that 
sodium intake specified as sodium 
chloride in the FASEB document) is 
related to the prevalence of 
hypertension. While the effect of the 
average change in blood pressure in 
response to sodium restriction is “small” 
in magnitude, much larger benefit can be 
expected for persons at greater risk 
because of already elevated blood 
pressure levels or because of a 
predisposition or sensitivity to the 
adverse effects of salt. Many of the 
documents noted that there is some 
indication that, in addition to benefiting 
many hypertensive individuals, reduced 
scdium levels may reduce blood 
pressures and associated risks in some 
normotensive individuals as well. 

In research published subsequent to 
the documents described above, a few 
of the human studies showed no effect. 
However, most of the studies supported 
the previous conclusions of a link 
between sodium and hypertension. 
Thus, the more recent studies were 
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generally co&&ant with the 
conciu&ns reached by,earliee 
government and authoritative revfews. 

FDA tentatively con&x&s that, 
having reviewed the relevant, pubficty 
available, scientific evidence, there is 
significant scientific agreement among 
experts qualified by scientific training 
and experience to evaluate claims on a 
relationship between so&m and 
hypertension that such claims are 
supported by the evidence. 
2. Public Health Impact 

The prevalence of hypertension in the 
US. population is very hi&, with about 
one in three adults classified as 
hypertensive (Ref. 88). As many as 58 
million people in tha United States have 
elevated blood pressure (SBP equal to or 
greater than 146 mm Hg and/or DBP 
equal to or greater than 99 mm Hg) 
(Refs. 23 and 38), and only one-quarter 
to one-third of these hrdividzazds have 
their blood pressure under control (Ref. 
74). 

Uncontrolled high blood preszmre is a 
serious pub&c health problem because it 
is associated with mortality from heart 
disease and stroke, which were ranked 
as the first and third leading causes of 
death respectively in the United States 
in 1987(~ef,~).InlgfU1,35.3~reentof 
all deaths were attr+b&abLe to heart 
disease and 7.6 Percent to stroke (Ref., 
8~). fndividuals with uncnntcoRed high 
blood pressure have seven times the risk 
of deveb@&g a stroke and thraa to four 
times tbe risk of developing CHD ae 
persons with normal blood m 
levels @et 74). 

Though mortality risk is greateat for 
hypertensives, normotensives are also at 
risk, and the higher tbs bfood pressure, 
the greater the risk @Ws. 69 and 114). A 
recent, followup, survei+tance study of 
the men screened for the M&f@ Risk 
Factor Intannention T&d (ReEs. 88 and 
114) showed age-stir-d death 
rate among middle-aged (3~ ta 57 years 
of anel U.S. men to be directlv 
proportional to SBP ecro&ai blood 
pressure ranges. Not only did 
hypertension appear to be a risk factor 
for premature death but below average 
blood pressure appeared to have a 
benaficial effact on survival The death 
rate among hypertensive men [SBP 
greater than 189 mm I-Q) was 41.7 
deaths per I,- the de& rate among 
those with high normal blood pmssure 
(SBPfrom138to138mmHg]was26.8 
deaths per l.oDQ, and the death rate 
among those with tow normal blood 
pressure @BP from 115 to 119 mm lig) 
was 14.9 deaths per 1,698 Because there 
is a continurrm of risk across a& b&d 
pressure levels, reducing blood pressure 

has the potent&l to beneM the e&e 
population. 

In the adult U.S. population, the 
prevalence of hypertension varies with 
age, gender, and race (Refs. 27,43,57, 
and 62). High blood pressure and related 
risks increase sharply with age. Less 
than 1 percent of individuals under 18 
years of age are hypertensive, whereas 
23 percent of those from 48 to 84 years 
of age and 38 percent of those over 85 
years of age are hypertensive [Ref. 81). 
Hypertension commonly occurs in males 
at a younger age than in females. 
However, as people age, the prevalence 
of hypertension increases more rapidly 
in women and eventually surpasses that 
of men (Ref. 87). The group with the 
highest prevalence of hypertension ls 
non-Hispanic blacks, and both males 
and females are at risk @efs. 27 and 87). 
In those over 85 years of age, 82 percent 
of blacks and 37 percent of whites are 
hypertensive @ef. 81). . 

Changes over time tn mean blood 
pressure and in the prevalence of 
hypertension have been estimated using 
data from three large national health 
surveys. These changes were estimated 
using an earlier defmitiun of 
hyP&ension: SW equal to or greater 
than 169 mm Hg end/or Dl3P equal to or 
greater than 95 mm Hg and/or currently 
taking antihypertensive medication (Ref. 
27). Ahbough fhe data from these 
surveys show that, behpeen 1880 and 
1980. the prevalence of hypertension 
among black adults decreased from 34 
to 29 percent, this difference was not 
statistically significant. There was no 
decrease of hypertension among white 
adults during the 2%year period. 
Average SBP decreased by 5 and 10 mm 
Hg In white and biwk adults, 
respectively. The greatest improvement 
was among older adults. The data 
suggest a trend toward lower average 
blood pressure in the U.S. population 
that has been attributed to increased 
public awareness, diagnosis, and 
treatment. The prevalence of 
undiagnosed hypertension decreased 
from 52 to 29 percent, medical treatment 
of hypertension increased from 30 to 48 
percent, and the proportion of 
individuals with hypertension whose 
condition was medic&y controlled 
increased from 39 to 82 percent. 

Recognition of the continuum of 
mortality risk across all blood pressures 
prompted recent changes in the clinical 
defmitian of hypertension. The current 
definition identtftes hypertension as SBP 
greater than 149 mm Hg or DBP greater 
than 99 mm Hg or currently taking 
antihypertensive medication. Based on 
this definition, DHHS in its ‘Year 2000 
Health Objectives for the Nation” (Ref. 

74) estabRshed a goal for reducing 
uncontrolled high blood pressure such 
that at least 89 percent of people with 
high blood pressure would have their 
blood pressure under control, a 108 
percent increase. Achievement of this 
goal is expected to have a major effect 
on reducing the number of deaths from 
CHD and stroke, two other Year 2696 
objectives. 

Blood pressure is regulated by a 
complex process involving multiple 
factors that are not well understood. 
Sodium intake, alcohol consumption, 
and obesity are considered the major 
dietary factors that influence the 
development of hypertension in 
genetically susceptible individuals (Refs. 
3643, and 62). Nonpharmwcotogical 
approaches to controlling hypertension 
have included sodium restriction. 
alcoho1 restricfion and weight control 
(Ref. 29). Thirty to 66 percent of 
hypertensive8 and 18 to 48 percent of 
normotensive individuals respond to 
sodium reduction and are considered 
“salt sensitive” [Ref 116). 

The most common source of dietary 
sodium in the U.S. food supply is sodium 
chloride or common table salt The 
terms “salt” and “sodium” have 
frequently been used interchangeably 
although salt [sodium chloride) is only 
39 percent sodium by weight. Additional 
food source8 of sodium include sodiam 
bicarbonate or baking soda. baking 
powder, monosodium glutamate, sodium 
nitrite, and sodium citrate. Additiond 
sources of sodium include drinking 
water and sodium-containing drugs (Ref. 
16). 

In addition to providing sodium to 
meet nutrie& needa d incbvidwls, mdt 
has iqwrtant wea ia foods. Salt ie 
added to B wide variety of fooda to 
enhance and iarprave flavor. In pickling 
brtnes and salted meats. salt beips 
retard spotlaga by inbtbtting bacterial 
growth. In feud prncessirtg. sodium salts 
pmmota curd formation in cheaaeg, 
serve as ,&averring agents in chemfcally- 
leavened baked goods, control the 
growth of yeast in yeast-leavened baked 
goods, and help to rol&iiize muscle 
proteins in some processed meat 
products @efs. t&7,8, and $0). Some of 
the sodium used for theee functions can 
be reduced without unduly affecting the 
final food product [Ref. 13). 

Sodium intake is a small, but 
significant risk factor far high blood 
pressure. It has been estimated that 
reducing sodium intake by 199 mm01 per 
day (2.396 mg) would correspond to an 
average reduction in SBP and DBP of 2.2 
mm Hg and 0.1 mm Hg respectively, on a 
population basis [Ref. 3’7) reeulttng in a 
4 percent reduction in CHD mortality 



F’DA%as m~iWrejil.so&nnl&&@ 
since the firer l%od Zabef and Pa&age 
sluw2y.m in T+lmtmm@~ zq, 
and&&m ~~~~~a~ 
in9zWed 8s part ~&The Nat?onaq %@h 
Hlooa l?? %lumtim Program, 
begun in ‘L981 by ‘FDA and NH.BI *fief. 
47). The WbeTiig and eduoa‘Gn 
initia%ves resu?ted &I more so&u-n 
cm&ml labe?@g on &ZIQ~S tan increase of 
nearly ‘GOpercenYbetween IQ78 and 
~088) IRtf. @, ‘the introduclion d more 
products wifilower so&nn levds II& 
ma.nufac&rers@&. SSg, greaterpublic 
awarm oUhe reMion&@ ‘between 
sodium and Aypert~nsibaryp’from~ ‘to 
34 percent between *1’979 and 

ms% 
IReTs. 

47 and !B), an increase in Yhe num er of 
consumers whohave seen sodium 
red-uced products and in &a number 
who have purchased such produ&s~(ReK 
561, lower 5ales nf table saYt1dawntig ~3 
perceatJ @ef. ‘O& and an increase in 
sodium avoir¶anoe die?ining ~prac’fic&l *by 
approximately @J percedt of survey 
popu’la?inn) ,JRLf.7&$ 

In conjunction with so&um content in 
the nuMtionltibel.and ‘the use df sodium 
content claima, the sodiumj 
hypertetion heaRh cl&~, de5mSbed’in 
this proposal, wifl provide additional 
assistance to consumers in 
implemelsring ahe di&ary guideslnes and 
in unlerstex&i ‘the nabma 0Ythe 
rela~onshig bdwf30n 51x%zn and 
hyperten&ion. These aeguMion5 will be 
supplementedby extensive, e&c&or& 
initiativea. Such affortshave~oven 
effective in Ihe pa& in enc~Ing 
responsive actin5by manu&turem 
(Refs. 4B and E&J, in increasing consmner 
awareness JZGf5.47 ani% s(a), ana ia 
aEecting ccmsumer s~puXhasingl~al~?ts 
and behaviora .EItefs. 58 and*~Q 

In summaw Because l&h &urn 
intake is &la%& to &e prevalence ~8 
i@hll&aod g+nmimre and btxxwe.l&$ 
blood pressure is related to increased 
risk of heart &sease and&x& 
reductiana&modera&m.insodi~m 
inteltehaw&egu&&i&farhauirrg.a 
significant impst on t&e he&h s+f the 
general US&~&XL A&W&I 
average changes in salt and sodium 
ina* are watf#emge5;in 
average blood pressure that are am&I h 
magnitude, the overall p&en&d e&ct 
on health care costs and morbidity and 
mortality raW5 is qui& significant. 
Persons Who are SensBi~e to ~odimn 
would IS s~cM+to be&It 
significantly, zn?l a? tire ~ecommer&Xl 
levels, tire +a no appamt * E&r &o5e 

mimarm average aduB requ”SremenZ5 
for ss&um, under conditions 6f 
maximum adaptation and without a&Live 
sweating, Zbeve been es‘timated ‘to be 1% 
mg per day RX 63). A sare niiriimutn 
inttike has%een estimated to beSSU19 mg 
per day I&% 63% more Than ‘fhree times 
the minimum requirements. This 
estimate ZakRs *hit0 accmt wide 
variaPrn5 an patterns of physical 
acti+y a&l Smatic ewpasare but does 
not ‘anclde - allowance Torlarge 
amount5 of 5odiumlos5 from meat&g. 
curreatsolem~aka5 in theus. 
p~pula&ion are .thaughJ to he 5 to 10 
thaeshi&czt+ wdl in exce.5~ d 
physic&gical itaeed5 (Gfs. 30, a4,.3& &SKI 
43). 

RecommemWt+ons to reduce so&m 
intake are likely to result in redu& 
chloride &t&e b- sodium 
chloMe. or %a?‘t;” “i 81e most common 
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form of dietary sodium. Reduced 
chloride intake is not likely to pose a 
safety concern because dietary chloride 
deficiencies do not occur under normal 
circumstances, and the safe minimum 
intake of chloride was formulated jointly 
with sodium and salt minimum intakes 
(Ref. 63). 

Of some concern is the loss of sodium 
as salt during periods of heavy swea,ting 
from high temperatures or vigorous 
physical activity (Ref. 30). Sodium losses 
can be significant under such condition5 
and tend to be more severe in 
individuals who are not acclimated to 
the temperature or conditioned to the 
level of activity (Refs. 20 and 30). 

Illness can result from heat 
exhaustion, primarily as a result of salt 
depletion, and if accompanied by 
unreplaced fluid losses, can lead to 
potentially fatal heatstroke (Ref. 30). 
The concerns over excessive sweat 
losses led to recent experiments 
investigating the impact of dietary 
sodium on the adaptation of soldiers to 
high temperatures and vigorous exercise 
(Refs. 117,118, and 119). Subjects 
consumed either 4 g salt (1,600 mg 
sodium) or 8 g salt (3,200 mg sodium-] per 
day, and fluid losses were replaced 
frequently. Heat acclimation was safely 
achieved by all subjects, though subjects 
on the lower salt diet reported more 
symptoms of heat illness during the first 
few days, and Johnson (Ref. 118) 
recommended that higher sodium 
intakes may be beneficial during the 
first few days of heat acclimation. 

Reports of heat exhaustion tend to 
involve isolated situations with 
excessive temperature5 or extreme 
activity levels (Ref. 30). When making, 
health policy recommendations, FDA 
must balance concerns about 
hypertension, which affects one third of 
the U.S. population, against safety 
concerns under conditions of extreme 
sweat losses. Heat acclimation was 
safely achieved on the controlled, low 
salt diet (l.fKKl mg sodium per day), and 
FDA is recommending a DRV for sodium 

-(2,400 mg per day) that is well in excess 
of 1,600 mg per day. FDA’s policy to 
encourage moderation in sodium intake 
provides for a wide safety margin. It is 
the agency’s position that concerns 
about excessive sweat losses should be 
part of educational efforts aimed at 
groups that experience heavy physical 
exertion and especially at those who 
work with people under conditions of 
high temperature or vigorous exercise, 
such as military personnel, sports 
coaches, and officials involved in 
exercise programs in hot regions of the 
nation. 

A few studies suggest that some 
individuals may respond to sodium 

reduction with blood pressure increases 
instead of decreases (Refs. 33 and 72). 
As with many physiological 
measurements, a heterogeneous 
distribution may be the result of random 
variation, especially because the 
magnitude of the blood pressure 
lowering effect is small. Additional 
studies are needed under controlled 
condition5 to determine whether these 
results are significant and reproducible. 

There are a few studies in which 
plasma lipids were associated with 
increased sodium restriction (Refs. 40, 
49, and 89) and another study that was 
inconclusive (Ref. 2). The intervention 
perioda in these studies were very short 
(I week or less), and the sodium 
restriction was extreme (460 mg and 780 
mg as compared with the 2,400 mg DRV 
recommended by F’DA). FDA believes 
that these studies are so few in number, 
so short in duration and conducted 
under such extremely restricted 
conditions that they have no bearing on 
public health recommendations for the 
general public. 

Between 1962 and 1984, FDA 
concluded that moderate sodium intake 
would not have any adverse effects on 
the general public (47 FR 26560). After 
reviewing the scientific evidence related 
to sodium and hypertension and the 
safety issues relevant to moderate 
dietary sodium, FDA reaffirms that 
moderate sodium intake is unlikely to 
pose a safety concern in the U.S. 
population. Recommendations to 
moderate sodium intake have been part 
of public health policy guidelines for 
more than IO years (Refs. 9, 22, and 85) 
with no adverse effects. There is 
significant agreement among the 
authoritative documents that moderate 
sodium intake would not be harmful 
(Refs. 38,43, and 821, and serious 
problems have not been observed in 
populations that traditionally consume 
low amounts of salt (Ref. 69). In 
addition, the review of the scientific 
evidence indicates that high sodium 
intakes pose a significant health risk to 
a large number of people (Refs. 43 and 
62). 

FDA welcomes any additional 
information or data on the safety of 
sodium and salt intake and will continue 
to monitor the safety implications of all 
public policy recommendations. 
III. Provisional Requirements for Health 
Claims 
A. Relationship 

FDA is proposing in 8 101.74 to 
authorize health claims on the 
relationship of dietary sodium and 
hypertension on food labels and 
labeling. The agency has identified 

several key points that it considers 
essential for helping consumers to 
understand this relationship. These 
points are made in 8 101.74(a). 

The definition of hypertension used in 
0 101.74(a) is taken from U.S. DHHS/ 
PHS/NIH reports (Refs. 23 and 38). It 
defines hypertension as SBP of more 
than 140 mm HG or DBP of more than 90 
mm HG. The regulation also 
distinguishes sodium from salt, 

Proposed $101.74(a) describes the 
relationship between sodium and l 
hypertension. Based on its review of the 
available scientific evidence, FDA states 
that high sodium intake is related to the 
prevalence of hypertension and to the * 
increase of blood pressure with age. The 
agency also states that low sodium 
intake is related to low prevalence of 
hypertension and to a low rise or no 
increase of blood pressure with age. 

A substantial amount of human and 
animal data indicate that high potassium 
intake may be related to reduced blood 
pressure levels (Refs. 36,43, and 82). In 
addition, high sodium-potassium ratios 
have been positively correlated with 
blood pressure levels (Refs. 43 and SZ), 
and NAS (Ref. 62) noted that low 
sodium intake in combination with high 
potassium intake “is associated with the 
lowest blood pressure levels and the 
lowest frequency of stroke in individual3 
and populations.” FDA considered 
including otassium intake information 
in sodium P hypertension health claims. 
However, because of time and resource 
constraints, the lack of evidence for a 
quantitative ratio, and safety concerns 
involving potassium supplementation 
and fortification (21 CF’R 261.306), FDA 
at this time has limited the relationship 
statement to sodium and hypertension. 
This is the topic that FDA was directed 
to address in section J(b)(l)(A)(vi) of the 
1990 amendments. 

. 

B. Significance 
In summarizing the significance of 

reductions and moderation in sodium 
intake relative to the reduction in the 
prevalence of hypertension in the 
genera1 U.S. population and within the 
total dietary context, FDA has identifieL 
in proposed 8 101.74(b) several key 
points that it considers essential for 
helping consumers in understanding this 
nutrient and disease relationship. 

* 

* 

This section states that hypertension 
is a public health concern because it is a 
risk factor for CHD and stroke. This 
statement is based on the Surgeon 
General’s Report (Ref. 43) and the NAS 
Report (Ref. 62). The recognition that 
there is a continuum of risk across the 
range of blood pressures, which is 
reflected in this provision, was 
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documented in the followup surveillance 
study of the men screened for the 
Multiple Risk Factor Intervention Trial 
(Refs. 68 and 114). The agency has 
included a statement from Dietary 
Guidelines on the prevalence of high 
blood pressure in the United States in 
this section to provide some indication 
of the magnitude of the problem and the 
number of Americans currently affected 
(Ref. 85). 

Based on FDA’s evaluation of the 
w scientific evidence, proposed fj 101.74(b) 

goes on to state that reduced sodium 
intake may benefit some but not all 

a. hypertensives and possibly some but not 
all normotensives. The range of 
percentages in 0 101.74(b) of responsive 
hypertensive and normotensive 
individuals that respond to sodium 
reduction was taken from the Sullivan 
review (Ref. 116). The regulation 
recognizes, however. based on the 
Surgeon General’s report (Ref. 43), the 
NAS report (Ref. 62), and “Dietary 
Guidelines” (Ref. 851 that there are no 
practical biological markers for 
identifying responsive individuals. 

In discussing the magnitude of the 
effect of a change in sodium intake, the 
agency uses the words “estimate” and 
“approximate” to indicate that the 

The regulation goes on to list the 
populations most at risk for 
hypertension and most likely to benefit 
from sodium reduction. These 
populations were identified in the 
Surgeon General’s report (Ref. 43). the 
NAS report (Ref. 82), and the National 
Health and Nutrition Examination 
Survey (Ref. 27). It then lists the risk 
factors for hypertension other than 
sodium intake. These factors are 
mentioned in the Surgeon General’s 
report (Ref. 43) and the NAS report (Ref. 
62). The statement that the magnitude of 
the effect is “small” but statisticall:y 
significant is based on FDA’s evaluation 
of the scientific evidence, which is 
summarized in section II. of this 
document..Proposed 5 181.74(b) goes on 
to cite the estimated magnitude of the 
change in blood pressure in response to 
a change in dietary sodium intake. The 
agency took this information from the 
conclusions of the INTERSALT study 
(Ref. 37). The estimated reductions in 
mortality cited in proposed 9 101.74(b) 
were taken from the Stamler’s analysis 
of the impact that the change in blood 
pressure would have on a population- 
wide basis (Refs. 69 and 114). This 
section concludes with 
recommendations for ways to reduce 
sodium intake, which were taken from 
“Dietary Guidelines” [Ref. 85), the 
Surgeon General’s report (Ref. 431, ;and 
the NAS report (Ref. 62). 

values cited are based on the best 
information available and are close to 
but not identical to the actual and true 
values. FDA would consider changing 
these estimates only if newer estimates 
that were based on better data and that 
were significantly different from these 
values were presented to it. 
C. Generai Requirements 

In 0 101.74(c)(l), FDA is requiring that 
for a food to bear a health claim on the 
topic of sodium and hypertension, it 
must meet the genera1 requirements for 
health claims set forth in proposed 
0 101.14, published elsewhere in this 
issue of the Federal Register. Under this 
regulation, a sodium/hypertension 
health claim is prohibited if any of the 
specified disqualifying nutrient levels 
are exceeded. This requirement assures 
that sodium/hypertensiaIl health claims 
may not appear an foods and food 
products that contain 11.5 g or more of 
fat per reference amount commonly 
consu;;;ed, per label serving size. or per 
100 g, 4 g or more of saturated fat per 
reference amount commonly’cansumed, 
per label serving size, or per 100 g. and 
45 mg or more of cholesterol per 
reference amount commonly consumed, 
per label serving size, or per 100 g. There 
are also disqualifying criteria for 
sodium: 300 mg or more of sodium per 
reference amount commonly consumed, 
per label serving size, or per 100 g. 
However, to qualify to make a sodium/ 
hypertension health claim under 
proposed 0 101.74(c)(~), it must contain 
140 mg or less of sodium per serving and 
per 1OQ g. A mare thorough discussion of 
the criteria for identifying risk nutrients 
and the levels of these nutrients allowed 
in foods that bear health claims is 
included in the document on general 
requirements for health claims, 
published elsewhere in this issue of the 
Federal Register. 

FDA used the qualifying criteria and 
the disqualifying criteria, described 
above, to identify foods that would 
likely be allowed to bear sodium/ 

The requirement that a food must 
meet the “low sodium” definition to 
bear a sodium/hypertension health 
claim assures that such claims will 
appear only on foods and food products 
that contain 140 mg or less of sodium per 
serving and per 100 g. A more thorough 
discussion of the “low sodium” criteria 
and the rationale for the established 
sodium content levels is presented in the 
adjectival descriptor document 
published elsewhere in this issue of the 
Federal Register. Should additional 
considerations or evidence prompt the 
establishment of a different definition 
for “low sodium,” only the descriptor 
document will require revision. 

hypertension health claims [Ref. 93). 
Examples of foods qualifying for 
sodium/hypertension health claims 
include tuna and salmon without added 
salt; most fruits and vegetables, except 
for canned and frozen vegetables 
processed with salt; lowfat milk (2 
percent or less fat), evaporated milk, 
lowfat yogurt with fruit, cottage cheese, 
ice milk, sherbet, and nondairy dessert 
toppings and cream substitutes: most 
flours, meals, grains, and pastas (except 
for egg pastas): and breakfast cereals 
such as shredded wheat, law sodium 
corn flakes, frosted shredded (mini- 
sized) wheat, puffed rice, sugar crisp, 
wheat germ, and many prepared cereals 
such as cream of wheat, cream of rice, 
and grits. In addition to these types of 
foods, several other food types would 
qualify for sodium/hypertension health 
claims including beverages such as 
carbonated soft drinks, coffee, tea, some 
fruit juices, drinks, and punches; some 
candies, cookies, baked goods, and 
icings; jams, jellies, and other 
sweeteners: and margarines and salad 
dressings without added salt. Given the 
minimal nutrition value of many of these 
foods, FDA requests comments as to 
whether they should be allowed to bear 
a health claim. 
D. Rehtianship Statem,-nt 

In the companion document on 
general principles for health claims 
published e!sewhere in this issue of the 
Federal Register, FDA is proposing to 
require that claims present an accurate 
representation of the nutrient/disease 
relationship. Consequently, based on the 
scisntific evidence regarding the 
relationship between sodium and 
hypertension, in 8 101.74(c)(2), FDA is 
proposing that sodium/hypertension 
health claims must state that a low 
sodium diet is associated with lower 
blood pressure in some people, or that a 
high sodium diet is associated with 
higher blood pressure in some people. 
Because sodium reduction helps lower 
blood pressure in some but not all 
individuals, FDA is proposing that 
healih claims acknowledge this fact. It is 
the agency’s position that, without such 
an acknowledgement, the health claim 
would be misleading to those people 
whose blood pressures do not respond 
to sodium reduction. 
E. Populations at Greatest Risk and 
Dietary Risk Factors 

In 3 101.74(c) (3). FDA is proposing to 
require that health claims acknowledge 
that many factors are associated with 
the development of high blood pressure. 
Thus, under this proposal, claims will be 
required to identify high risk populations 



and dietary risk factors associated with 
hypertension. Those most at risk OF 
developing hypertension. and 
consequently most libly to benefit from 
sodium restriction, indude the elderly 
and those with family histories of high 
blood pressure, which may encompass 
individuals in specific racial or gender 
groups (Refs. 27,43.57, and 62). ln 
addition to dietary sodium intake, 
alcohol consumption and obesity are 
identified, modifiable, dietary risk 
factors for hypertension (Refs. 43 and 
EZ). Consequently, achieving weight 
control and reducing alcohol 
consumption have been recommended 
to assist in lowering blood pressure 
levels in the general popuiation (Ref. 65), 
This additional information on 
populations and risk factors pratides a 
broader context fcr the nutrient/dir!ense 
relationsh;p. P~zscntztion of this 
informaticn wili Cnsure that consumers 
are aware that, in addition to sodium 
inlctke, ttrcre are m30y other factors that 
ci:ntribute to $15: dc~elopmcril and 
CORkG,t Of ~y~c:ricnsion. 

IV. Opticma %alnih Claim IdQrmntian 

A. Sx’ic7~ c.3 GII lkmtiojn( LVf.&7ix t 
sh%ATi is 2d rssential nutrierrt, a~3 it 

1:: sp:p j-i ‘E.‘ :;;:,: r ,;:;;i:s-,1i’:‘*; ;,{:.i;,r,s 
g;:::::,..y i:) t&i- 1“ ~ ! !.fi’;i,i. @I I& :, :jy 
hand. NAS hzs recommended a safe, 
minimum !e: e! of 500 rns soditm per d;iy 
(2 : p i-2) y.,d : n I~ >_ 1’ _1‘1 / .r ::?l?t: .i* il *‘A* ,-I * fii?- cig 
m.,;::: ^ f jy’:“‘-;: (:” ~;, ;:,j. I;:,- :;.crp, i-J 
ihi3 IPSliC iii ‘iii: FL1tiiX. Rt?~kt~t%‘, FD34 iS 
pro~G;ing In cskblisi1 a UR\i  i3r so:!ium 

or 2,4co tq per day for use in nutrition 
labe!ing. Yet, t&;ln some sodium is 
required for goad health, exces;i:e 
intake of .Wdium is unnecoscary and. 
may be harm:Ecl. FCP consumers io 
undcrstasd thn si;;nificance of the 
sodium cor,ttined in a food that ie 
qualified to bear a sodium:hype?rtt\R:;isn 
health claim in relation tc, the total daily 
intake goal, FDA considered req&ring 
th3f sodiuntlhypertension health claims 
state that ndufts should ccnsume at 
least 500 mg but not more than 2,400 mg 
sodium per day. Fiowever. in an attempt 
to keeo health claims short and not 
overwhelm consumers with information, 
FDA is tentatively proposing in 
P 101.74(d) (1) LO do-r/, but not tG 

require, quantitative limit5 for sodium 
intake. The agency requests comments 
on whether this additional information 
will be beneficial to consumers. and 
whether it should be required on health 
claims or remain optional. 

t?. Condtutiun 5f Physiciclns 
Many people are now aware of the 

dangers of high blood pressure (Ref. fi6). 
With the ready availability of “do it 

yourself’ machines to measure Wood 
pressure levels in grocery stores and 
shopping malls and the common 
practice of having blood pressure levels 
checked each time an individual visits a 
ptiysician or health professional, many 
people now know what their blood 
pressure levels are. FDA is concerned 
that some individuals may attempt to 
use the ready-availabilify of sodium 
labeling, and in particular sodium/ 
hypertension health claims, to self- 
medicate or treat their hypertension 
without consulting a physician. For this 
reason, the agency considered requiring 
that health claims state that individuals 
with high blood pressure should consult 
their physician for specific medical 
advice and guidance. 

IIealth claims that result Fram this 
regula?ion are intended for the general 
healthy public, however. Hypertension 
is a serious medical condition. ht is 
FDA’s view that any individual with an 
idcniificd medical problem should be 
under the care of a physician, and that 
health claims a~ not intendsd as a 
subsiitute for individual p~tieerfdoctor 
carh) and espccial!y not far indivgiduals 
with identified medical diseases or 
heaith-r&ted conditions. ‘The arzncy 
has !entsHvely decided ta in:.lude !.Sis 
klror!l~‘~i;:?l” FS ;In c~.tio,n;~l 5??:!nm-:, 
5 lO1.i ii) i”), 2:r:ti :‘~~‘x3:.; c:s;.;i?m:s. 

C. Sodium and Saft 
i^‘3;” :” **> :y,?;jo:;i;-c; in 3 11,71.74{,?) (3)‘ to 

iFi!ilW ~4~t~~~tiiTlC~irt~S to 7lkE If, I ii!P:e’i 
“8ait” in addiiian to the !erm “Ecdium,” 
both f;f which Eave been incorporated 
inio WieTary Cuidehcs” to csc salt and 
sodirrm in claderati9n. Salt, v&A is 33 
percent sodium %;j wsighi, is the most 
cGmmon scwx of dietary sodium acd is 
a more fadiar bmm to the general 
public than sadicm. A recent 8-‘0,% 
survey found that approximctely 70 
percent of the survey popdation 
generally underskod that sodbm and 
salt are related (Ref. 1982). Respondents 
frequently used “sodium” and “salt” 
interchangeably, which is technically 
incorrect bzt functionally effective 
&cause rct.!ltcing salt intake &so 
reduces sadium intake. The available 
evidence suggests, however, that sodium 
is the nutrient most clearly implicated in 
hypertension. Furthermore, in the 
proposed nutrition labeling document 
published elsewhere in this issue of the 
Fedaral Regisfe~, KM. is proposing to 
use the term “sodium” in the nutrition 
label to inform consumers of the sodium 
content of a food. Therefore, allowing 
use of the term “‘salt” in a sodium/ 
hypertension health claim, rather than 
the term “sodium,” would be potentially 
confusing to consumers because it 
would be inconsistent both with the 

nutrition kabek and with the strongest 
scientific evidence for linking dietary 
factors to hypertension. Conversely, 
using the term “salt” in addition to the 
term “sodium” would seem less likely to 
be misleading and may actually be 
useful to those consumers who are 
unfamiliar with the more technical term 
but who wish to reduce their sodium 
intake. Therefore, the agency is 
proposing to allow the use of the term 
“salt” if the term “sodium” is also used. 

The agency is aware that a few recent 
studies and reviews suggest that the 
chloride ion, rather than or in addition 
to the sodium ion, may be important in 
the development of high blood pressure 
(ReFs. 31,48, 7% 87, and 92). Early 
studies wi’& sodium chloride attributed 
blocd pressare increases to the chloride 
ion: however, in the 1950’s the sodium 
ion was considered to be more 
i;-nportant (Reh. 14 and 43). Because 
meny of thz studies that investigated the 
ra!ationship beiwecn sog&um and 
hyperten2on used sodium chloride as 
the source of dietary sodium, these 
sfudies do nnt distingcish the,effects of 
sodium from the effects of sodium 

chloride. 

1 

.Ic 

Xn Cle early and mid-EEO’s, studies 
wilh :rariiius sadl::ni Enits fuunJ that 
\\%:Ic soar: im chloticle rcfi;ed Mood 
prcssuie icy.-els in sensitive individuals 
and animal;, other sodi~rn saits had no 
efffct (R&. 3 axl43). The recent 
‘*:I,lt,lS (W&3 79 and CT) are 
i i~CGKlI.iSiVt? WiGl rC5pF.c: to ChlCrl& fir 
indicate that the sodium and chloride 
ions hsve different r&s. Recent reviews 
[Refs. 48 and 92) su~~rcst that sodium 
BIid chloride tap?her produce li;rger 
blood presswe ehnnges, and that the ion 
that is associa:ed with t’lr? sodium may 
greatly influence ?he suSstzque?nt blood 
pressure response. To de:?, the studies 
mvolving humans has2 Leen few in 
number and small in size. Consequently, 
at this time, there is insuffictent 
information available for drawing 
substantive conclusions or for changing 
public health policy recommendations. 
Nonetheless, these results raise 
important questions, and FDA w 
encourages additional research to 
determine the independent and 
combined effect of sodium and of 
chloride on blood pressure. * 

Sodium chloride is the major source of 
dietary sodium. Because FDA’s policy of 
encouraging sodium reduction will also 
result in chloride reduction, the policy 
remains prudent regardless of whether 
sodium, chloride, or sodium chloride is 
determined to be important in 
relationship to hypertension. In addition, 
compliance is simplified because sodium 
content is identified on the labeling and 
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verification would involve detection of 
sodium alone. The agency requests data 
and comments on the appropriateness of 
selecting sodium rather than sodium 
chloride as the specified nutrient and on 
the appropriateness of allowing the term 
“salt” in addition to the term “sodium” 
on sodium/hypertention health claims. 
D. High BIood Pressure and 
Hypertension 

In 0 101.74(d)(4). FDA is proposing to 
w allow manufacturers to use the term 

“hypertension” in addition to the term 
“high blood pressure.” Hypertension is a 

6. broader term which encompasses 
persons with untreated high blood 
pressure levels as well as persons with 
“normal” levels as a result of effective 
treatment. Hypertension is also the 
disease specified in section 
J(b)(l)(A)(vi) of the 1990 amendments. 
The term “high blood pressure” means 
near!y the same thing as hypertension 
and individuals with controlled high 
i-Iood pressure are frequently 
considered to have high blood pressure 
even though, technically, the blood 
pressure levels are in the normal range. 
The term “high blood,pressure” is less 
technical and more familiar to 
consumers since blood pressure 
measurement is included in routine 
physical examinations, and blood 
pressure response is used to monitor the 
treatment of hypertension. Because 
simple, uncomplicated terminology is 
useful for assuring that health claims are 
clear and understandable to consumers, 
FDA is proposing to require the use of 
the term “high blood pressure” and to 
allow for the optional addition OF the 
term “hypertension.” The agency 
requests comments on the 
appropriateness of this proposed. usage. 
E. Additional Information 

In Q 101.74(d)(5). FDA is proposing to 
allow manufacturers to develop sodium/ 
hypertension health claims that provide 
factual information about hypertension, 
including information contained in the 
“Relationship” and ‘Significance” 
statements included as part of the 
regulation and estimates of the number 
of people in the United States who are 
affected with high blood pressure or 
hypertension. It is FDA’s policy that one 
of the purposes of health claims is to 
inform and educate the general public. 
Consequently, manufacturers should be 
allowed to include accurate, factual 
information in their health claims about 
the prevalence and seriousness of 
hypertension for the U.S. population. 
FDA is proposing to limit the additional 
information allowed to that contained in 
these statements because they are 
based on FDA’s review of the scientific 

evidence concerning sodium and 
hypertension. By using an approximate 
estimate of prevalence, such as “one in 
three” adults, updating this estimate is 
likely to be less of a problem than if a 
more precise estimate were used. 
F. Model Health CIaim 

FDA is including in proposed 
0 101.74(c) a model health claim on 
sodium and hypertension. The agency is 
including this model to assist 
manufacturers in formulating an 
appropriate claim. 
V. Environmental Impact 

The agency has determined under 21 
CFR 25.24(a) (11) that this action is of a 
type that does not individually or 
cumulatively have a significant effect on 
the human environment. Therefore, 
neither an environmental assessment 
nor an environmental impact statement 
is required. 
VI. Effective Date 

FDA is proposing to make these 
regulations effective 6 months after the 
publication of a final rule based on this 
proposal. 
VII. Comments 

Interested persons may, on or before 
February 25,1992, submit to the Dockets 
Management Branch (address above) 
written comments regarding this 
proposal. Two copies of any comments 
are to be submitted, except that 
individuals may submit &one copy. 
Comments are to be identified with the 
docket number found in brackets in the 
heading of this document. Received 
comments may be seen in the office 
above between 9 a.m. and 4 p.m., 
Monday through Friday. 
VIII. Economic Impact 

The food labeling reform initiative, 
taken as a whole, will have associated 
costs in excess of the $100 million 
threshold that defines a major rule. 
Therefore, in accordance with Executive 
Order 12291 and the Regulatory 
Flexibility Act (Pub. L. %-254), FDA has 
developed one comprehensive 
regulatory impact analysis (RIA) that 
presents the costs and benefits of all of 
the food labeling provisions taken 
together. The RIA is published 
elsewhere in this issue of the Federal 
Register. The agency requests comments 
on the RIA. 
Appendix to the Preamble-Consumer 
Health Message Summary-Sodium and 
High Blood Pressure 

The following Appendix is a proposed 
consumer summary on sodium and 
hypertension. FDA solicits comments on 

this document as explained in the 
proposal on the general requirements for 
health claims published elsewhere in 
this issue of the Federal Register. 

Appendix-Consumer Summary on 
Sodium and High Blood Pressure 
Sodium and High Blood Pressure 

Under the provisions of the recent 
Nutrition Labeling and Education Act of 
1990, manufacturers may put clear 
information on the food label about the 
relationship between a nutrient, such as 
sodium, and a disease or health-related 
condition, such as hypertension. To 
prevent consumers from being misled, 
FDA allows only truthful label 
statements about diet and health 
relationships that are firmly supported 
by the current scientific evidence. There 
is agreement that the scientific evidence 
is strong enough to allow health claims 
about the relationship between sodium 
in the diet and hypertension. 

Many consumers have said that 
health claims on food labels could be 
useful to them in making improvements 
in their diets. However, label space is 
often limited. Therefore, the label 
statement may refer to an attached 
pamphlet, or other adjacent labeling that 
provides additional information about 
the health claims that appear on the 
label of the food product itself. 

In addition to al!owing health claims 
about the relationship between sodium 
and hypertension, FDA is allowing 
health claims about the relationship 
between calcium and osteoporosis, 
saturated fat and cholesterol and 
cardiovascular disease, and fat and 
cancer. For information about these 
other diet and health relationships, write 
to: (to be supplied by manufacturer). 
What is Hypertension? 

Hypertension means high blood 
pressure, a condition in which your 
blood pressure goes up and stays above 
a normal level. Blood pressure measures 
the force of blood against the artery 
walls as the heart pumps blood through 
the body. 

When you get your blood pressure 
checked, you are given two numbers. 
The first number (systolic pressure) is 
the force of blood against the artery 
walls when the heart beats. The second 
number (diastolic pressure) is the force 
on the artery walls when the heart 
relaxes between beats. Currently, 
people with systolic blood pressure of 
140 or more millimeters of mercury (mm 
Hg) and/or diastolic blood pressure of 
90 or more mm Hg are considered to 
have high blood pressure. 
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Why is There Concern About 
Hypertension? 

In the United States. about one in 
three adult5 ba5 hi& blood pressure. 
The disease affects approximately 58 
million peapte and is a p&ii be&h 
concern primarily becpu5e It B 8 m@olr 
risk factor for death from coronary heart 
disease and sfroke. Risk ofdeath 
increases steadily a5 bBood press 
hcreeses. Peapie with high blood 
pressure level5 are at great& risk, and 
the lower the blood presrmte the lower 
the risk 

Hypeeteasion occur5 more frequently 
among persona with a family history of 
high blood pressure, elderly men andI 
women of all race% black men and 
women, end men at eu earber age then 
women. ID the U.S. hypertension and its 
related ri5k5 increase with age. Less 
than 1 percent of people below age l& 
about 23 percent of people between ages 
45 through 6.4, and abaut 38 percent of 
peopIe over 65 have hypertension, 

Primarily because of increased public 
awareness and treatment of the disease, 
hypertension has decreased somewhat 
in the U.S. population in recent years; 
nevertheless it remains a serious public 
health concern. 
What Is the Cau5e of Hypertension? 

In most people with high bleed 
pressure the carme ie onknown. 
Regulation ofblood ppeseare by the 
body ia a complex Process that is not 
completely nndw9ocwt. Probably a 
variety of factors influence the 
development of hyperteneion in People 
whose heredity makes tbem .suseeptihie 
to the disease. 

cumi?nFiy, sdentists geneF8btY f@m% 
that tbrea major diet-related fecton 
have en effect on blood pressure- 
obesity or being overweigbt, exceaeive 
sodium in the diet, and excessive 
alcohol consumption. 

The term5 “5alt” end “sodium” often 
are used interchangeably, although salt 
(which is sodium chloride) ia only part 
5odium. Salt is our mo5t common source 
of dietary sodium. 

Studies of populations around the 
world provide the primary basis for 
associating dietary sodium with 
hyperfension. In popufatfons that have 
diet5 low in sodium, high blood pressure 
is less common than in populations with 
diets high in sodium. Scientists beheve 
that dietary sodium is related to 
hypertension, and that diets which are 
iower in sodium wiN be associated with 
lower frequency of hypertension. 

These studie5 afso indicate, that in 
populations with diets few in sodium, 
blood pressure increases less rapidb or 
does not increaee at aR with age. This 

contrasts sharply with the blood 
pressure inncreases wRh age that are 
seen in the U.S. Le55 salf in the diet may 
be par&t&&y appropriate for people 
who are at fn~sed risk for devel@ng 
hypertension in I&r fife, slrch es bI5cks 
and those with either a family history of 
high blood pressure or current high 
normal blood pressure level5 The blood 
pressure of sowe-bnt not all-people 
will be lowered by decreasing dietary 
so&um. Persons whose bioocf pressure 
is decreased by lowering sodium are 
considered ‘salt sensitive.” There is no 
practical way to identify the “salt- 
sensitive” people in the population, to 
predict who might develop high blood 
pressure, or to determine who wti1 
benefit from reducing dietary sodium. 
Authorities currentiy recommend that 
most people use salt and sodium only in 
moderation. Reduction in sodium will 
benefit those people whose bbod 
pressure rises with high salt intake. No 
harmful effect is known to occur from 
moderately reducing diebry sodium. 
Do Moat People Rat Too Much Salt and 
SdURl? 

Sodium is an essential nutrient that is 
required by the body. The National 
Academy of Sciences has set a minimorn 
safe amount for adults of 500 milligrams 
(mg) per day under normal temperature 
and activity conditions. People who fose 
a lot of sodium and water through sweat 
need to drink extra water and In rare 
cases repface the lost eah. The Academy 
has stated that there is no known 
advantage in consunting large amounts 
of sodium in excess of body needs. Most 
Americans consume severe! times the 
minimum amount of sodium needed. 

The U.S. Pubbc HeaRb Service has set 
a nationaf ha&h goal for the public to 
use salt and sodium in moderation. To 
do this, people are encouraged to 
prepare food5 without adding salt, to 
avoid salt at the table, and to make a 
habit of purchasing foods fhat are low in 
sodium or modified to lower sodium 
content. 
Which Foods Are Sources of Sodium? 

Sodium in the diet comes from many 
sources. Smah amount5 of sodium are 
found naturally in many foods, so if you 
eat a variety of foods, youB easily get 
the minimum safe amount. 

However, your selt intake can 
increase dramatically depending on the 
choices you make. Salt is e&led for 
flavoring and preserving during 
processing cf many foods, but products 
are often available in a “low sodium” 
version as welt. Salt may also be added 
during cooking at home, or by yourself 
af the table. ln addftian to tabFe salt, 
many substances added to foods, SW& 

as baking soda, baking powder, sodium 
nitrite, and monoso&m glutamate 
[MSC), curtlain oodimn. 

A good way to Iearn about the amount 
of sodium in foods is to read nutrftlon 
lab&. Mo5t fds now have nutrffion 
information on their lab&. The amoorit 
of sodium in a serving of food is listed fn 
mifligrams. PDA has established ‘r)aily 
Values” for several n&&ents. inc 
sodium, that are important in diet end 
health relationships. The daily vabm is 
intended to help consumers defermlne 
how a single serving of a &rod 
contributes to the total amounf of 
nutrient for the day. The daily value for 
sodium is 2,4M rag. based on a report 
from the Nationel Academy of Science. 
Therefore, 8 food that contain5 680 mg 
sodium per serving wodd provide about 
one-quarter of the daily recommended 
value for sodium. When you add u$ the 
sodium from all the foods you eat in a 
day, it should total less than 2400 mg. 
What Do Label Claim5 About Sodium 
Mean? 

In addition to the amount of sodium 
per serving on the nutrition labeL you 
may see other kinds of claim5 about 
sodium on 5osne food gackageo. T&era 
are two kind5 of label dailss-nutrient 
content claims and be&b claims. 

Nutrient content claim5 may be made 
about the amount of 5odium the food 
contain5 For example, a food that 
contain5 35 mg 5odium or le55 per 
serving may be labeled “very low 
sodium.” Foods that cwtain 5 mg or less 
of sodium per serving may be labeled 
“sortiftm free” or “~0 M’ and food5 
that contain 140 mg sodium or less per 
serving may be lab&d “low sodium.” A 
reduced sodium deim on e food label 
indicate5 that tba 5odium content ha5 
been reduced by 50 percent or more 
compared to the regular product. 

Some food5 that are low IR 5ediurn 
may contain one or more nutrients thst 
mey incceass the risk de dfef-related 
disease other than bigb blood preswre. 
For example, a low sodium food could 
be high in saturated fat which has a 
relationiip to ehzvated blood 
cholesterol and heart disease. A content 
claim ahout sodium cannot be made on 
such foods without indicating the 
presence of the other nutrient, for 
example, ‘*Low, eodium; see nutrition 
l&et for esturated fat content.” 

He&h claims are those made about 
the rehrtionship between the nutrient, 
sodium, and the disease, hypertension. 
Health claims of this type may appear 
only on food5 that qualify as “low 
sodium.” In addition, the food must not 
contain arrg other nutrtertt that FDA haa 
determined increases the risk of a dfet- 



related disease or health condition other 
than hypertension. For example, a 
health claim could not appear on a “low 
sodium” food that contains a high 
amount of saturated fat, because 
saturated fat has ti relationship to heart 
disease. 

Meny foods are eligibie to make 
sodium and hypertension claims. For 
example, at least some products in each 
of the following categories of foods can 
make such claims: Fruits and vegetables: 
fruit juices and drinks: milk and dairy 
products; breakfast cereals; cereal 
grains (such as rice); pasta products 
(such as spaghetti); flours: legumes (peas 
and beans): nuts and seeds; an.d 
seafood. 
Pther Diet-Related Risk Factors for 
Hypertension 

In addition to sodium, there are at 
least two other diet-related factors for 
hypertension over which a person has 
control--body weight and alcohol 
consumption. Increased body weight is 
related to increased bIood pressure, and 
blood pressure faIla when weight is 
reduced. Weight Ioss is recommended 
for all overweight pereo* particularly 
those with hypertension. People who 
reg&rIy consume large amounts of 
alcohol have higher Mood pressure then 
people who don’t drink or who drtnk 
oniy in moderation. Aathurfties 
recommend maintaining a healthy 
weight and drinking alcoholic beverages 
in moderation, if at all. 
Facts to Keep in Mind 

It’s the totai combination of f’oods that 
you eat regularly- both the kinds and 
the amonntb-that’s important in terms 
of good nutrition. Eating pertfcuktr foods 
or one specific food isn’t a magic key 
that will assure you have a more healthy 
diet. 

Eating a healthy diet, in itself, doesn’t 
guarantee good health, A healthy diet, 
however, is an important part of a 

\ healthy lifestyle that inctudes. for 
example, regular physical exercise, not 

“. smoking, not drinking alcoholic 
beverages to excess, and not ahusing 
drugs. 

L In addition to what you eat, many 
factors may affect your own chance of 
developing a particular disease. Among 
these are your heredity, your 
environment, and the health care you 
receive. Our knowledge about most diet- 
health relationships is incomplete and 
will improve as scientific knowledge 
increases. However, enough is known 
today about some of these retrrtionuhipa 
to encourage spedafic dietsry practices 
that are believed to be beneficial. 
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List of Subjects in 21 CFR Part 101 
Food labeling, Reporting and 

recordkeeping requirements. 
Therefore, under the Federal Food, 

Drug, and Cosmetic Act and under the 
authority delegated to t!;e Commissiww 
of Food end Drggs, iI is pwposed that 21 
CFR part 101 be amended as fol!ows: 

PART 131~F30D LA 

1. The authority citation for 21 CFR 
Part 101 is revised to read as follows: 

Authority: Sets. 4. 5. 6 of the Fair Packaging 
and Labeling Act (15 USC. 1453,1454,1455) ; 
sets. 201. 301, 402. 403. 409,501, 502, 505. 701 
of the Federal Food, Drug. and Cosmetic Act 
(21 U.S.C. 321, 331. 342. 343, 346, 351. 352, 355, 
371). 

2. Section 101.74 is added to subpart F 
to rend as follows: 

$ 101.74 Health claims: sodium anb high 
blood pressure. 

(a) Relationsh@ between sodiam and 
hi&qh blood p~~~surc. 

As used here. hypertension, or high 
blood pressure, means systolic blood 
pressure of greater than 140 millimeters 
of mercury (mm Hg) or diastolic blood 
pressure of greater than 90 mm Hg. 
Normotension, or normal blood 
pressure, is a systolic blood pressure 
below 140 mm Hg and diastolic blood 
pressure below 90 mm Hg. Sodium is 
specitied here as the chemical entity or 
mineral “sodium” and is distinguished 
from sodium chloride or salt, which is 39 

percent sodium by weight. The scientific 
evidence from epidemiological, clinical, 
and animal data establishes that high 
sodium intake is related to the 
prevalence of hypertension or high 
blood pressure and to the increase of 
blood pressure with age, and that low 
sodium intake is related to low 
prevalence of hypertension or high 
blood pressure and to a low rise or no 
increase of blood pressure with age. 

(b) Significance of sodium in affecting 
high bloodpressure. High blood 
pressure is a public health concern 
primarily because it is a major risk 
factor for mortality from coronary heart 
disease and stroke. There is a 
continuum of mortality risk that 
increases as blood pressures rise. 
Individuals with high blood pressure are 
at greatest risk, and individuals with 
moderately high, high normal, and 
normal blood pressure are at steadily 
decreasing risk. The 1990 “Dietary 
Guidelines for Americans” states that: 
“In the United States, about one in three 
adults has high blood pressurg.” The 
scientific evidence from clinical data 
indicates that reducing sodium intake 
lowers blood pressure and associated 
risks in some but not all hypertensive 
individuals; approximately 30 to 60, 
percent respond to so&urn red:iction. 
There is some evidence th:it rcdccing 
sodium intake lowers blood pressure 
and associated risks in many but not all 
normotcnsive individuals as well: 
approximately 25 to 45 percent respond 
to sodium reduction. There are no 
practical genetic markers to identify 
responsive individuals. The populations 
at greatest risk for high blood pressure, 
and those most likely to benefit from 
sodium reduction, include those with 
family histories of high blood pressure, 
the elderly of all genders and races, 
males because they develop 
hypertension earlier in life, and black 
males and females. Sodium intake, 
alcohol consumption, and obesity are 
identified risk factors for high blood 
pressure. On a population-wide basis, 
the indications from epidemiological 
and clinical data are that redusing the 
average sodium intake would have a 
small but statistically significant effect 
on reducing the average blood pressure. 
Estimates suggest that reducing sodium 
intake by 100 millimoles (mmol) per day 
(2.300 mg of sodium or approximately 
one rounded teaspoon of salt) would 
correspond to an average lowering of 
blood pressure of approximately 2.2 mm 
Hg systolic and 0.1 mm Hg diastolic. 
Because these are population-wide 

estimates, the magnitude of the effect for 
sensitive individuals would be greater. 
Estimates suggest that. for the age range 
from 25 to 55, a 100 mmol per day (2.300 
milligrams (mg) per day) lower lifetime 
intake of sodium would correspond to a 
reduction in mortality rates of 
approximately 16 percent for coronary 
heart disease and 23 percent for stroke. 
In order to reduce sodium intake, 
individuals can choose foods with less 
sodium and salt, reduce the amount of 
sodium and salt used in food 
preparation and cooking, and reduce the 
amount of salt added at the table. 

(c) Specific requircmellfs. A food label 
or labeling may contain a sodium/ 
hyp:rtension health claim provided that: 

(1) The health ciaim for a food or food 
product meets all the general 
requirements of 3 101.14 for health 
claims. 

(2) The health claim states that a low 
sodium diet is associated with or related 
to lower blood pressure in some people. 
Alternatively, the health claim can state 
that a high sodium diet is associated 
with or related to higher blood pressure 
in some people. 

(3) The health claim identifies the 
popx.Jations at greatest risk of 
developing high blood presstire as btilng 
the elderly and those with family 
histories of high blood pressure and 
states that oth-r dietary risk factors 
associated with high blcod pressure 
include alcohol consumption and excess 
weight. 

(d) Opfional information. Sodium/ 
hypertension in health claims may 
provide additicnal information: 

(11 The healih claim may state that 
sodium is an essential nutrient or 
necessary for good health, and that the 
total intake of sodiuni should be at least 
500 mg per day but not more than 2,400 
mg per day. 

(2) The health claim may state that 
individuals with high blood pressure 
should consult their physicians for 
medical advice and treatment. 

(3) In specifying the nutrient, the 
health claim may include the term “salt” 
in addition to the term “sodium”. 

(4) In specifying the disease, the 
health claim may include the term 
“hypertension” in addition to the term 
“high blood pressure”. 

(5) The health claim may include 
information from paragraphs (a) and (b) 
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of this section, which include summaries 
of the relationship between sodium and 
high blood pressure and of the 
significance of sodium reduction in 
affecting high b!ood pressure. 

(el Sample health claim. High blood 
pressure is associated with many 
factors, including a family history of the 
disease, growing older, being 
overweight, drinking too much alcohol. 
and diets high in sodium. A low sodium 
diet is associated with lower blood 
pressure in some people. 

‘F- Dated: November 4.1991. 
David A. Kessler, 
Commissioner of Food and Drugs. 
Louis W. Sullivan, 
Secretary of Health and Humar7 Serrsices. 

Note: The following tables will not appear 
in the annual Code of Federal Regulations. 



TABLE 1 .-INTERSALT STUDIES 

Refiwence 

INTERSALT 
Coopecattve 
Research 
Group (1988). 

(Ref. 37) . . . . . . . . . . . . . . . . 

Elliott (1989) . . .._..... 
(Ref. 50) . . . . . . . . . . . . . . . . 

Elliott (1989). ........ 
(Ref. 51) ............... 

Elliott (1989). ........ 
(Ret. 52) ............... 

Elliott (1989). ........ 
(Ref. 53) ............... 

study design and duration 

Cross sectional study. 
Sodium (Na) intake 
detenined by single 
24-hour urine collection 
bload pressure 
determined by average 
of 2 seated 
measurements. 
Repeated urine 
collectforts for 8% of 
subjects to estimate 
within-individual 
variability. 

NTERSALT study design. 
Analysk3 of 
normotensrve subjects. 

NTERSALT study design. 
Analysis of all 
INTERSALT data by 
age and sex. 

NTERSALT study design. 
Main results and 
implications for public 
health policy. 

NTERSALT study design. 
Analysts of data from 
three United Ktngdom 
centers (Belfast, 
Bkmingham. and South 
Wales). Data collectfon 
in 1085. 

SvbjWAS Base diet 

10.079 subjects from 5.2 
populabon centers in 32 
countries. 

I 

;5,045 males, 5.034 
females). 

:Goal of 209 at each 
canter, 25 in each of 8 
age and sex groups). 

Normal diets ranging from 
5 mg Na per day to 
5,560 mg Na per day. 

rlormotensfve subjects 
from INTERSALT 
population (SBP < 140 
mm Hg. DBP < 90 mm 
Hg, not on 
antihypertensIve 
medication). 

10.070 subjcK3s: 
5045males.5034 

females). 
Goat of 109 males and 

100 females from each 
ol52centers.25 in 
each age category: 20- 
29, 30-39.40-49, and 
50-59). 

same as INTERSALT . . . . . . . . . . r same as INTERSALT . . . . . . . . 

i98 subjects: 
299 men, 299 women) 

Uormal diets . . . . . . . . . . . . . . . . . . . . . . 

jame as INTERSALT . . . . . . . . . 

wrnal dlets 
Ua ranging from 730 mg 

toQ.04Omgper24 
hours. 

4verages: 
Belfast 3,470 mg Naper 

24 bout-6. 
Birmingham: 3520 mg Na 

pf~r24hours. 
SouthWales: mg 

Napar24hours. 

iingle Na measurement does not 
assess previous or habitual Na 
intake habits. Subjects on antt- 
hypertensive medication includ- 
ed thereby reducing the effect 
of Na on blood pressure. Unne 
collection probably not com- 
plete in all subjects. Confound- 
ing factors: age, sex, body 
mass index, alcohol intake, and 
potassium intake. significance 
sometimes lost after adjustment 
for confounding factors. 

Aultiple regression analysts ad- 
justed for age, sex. potassium 
Intake, alcohol intake, and body 
mass index. Corrected for indr- 
vidual vanabitky of Na excretion 
(YeliabMy”) (see below). 

Aultiple linear regression anafy- 
88s in 52 centers, pooled, 
weighted, adjusted for potassi- 
um intake. alcohol intake, and 
body mass index, and adjusted 
for age or sex as appropriate. 
Corrected for individual variabili- 
ty of Na excretion (“refiibithy”) 
by estimating the degree of re- 
gression dilution using data 
from 8% of subjects who re- 
turned and provided second set 
of data. 

iome subjects were on antihyper- 
ten&e medication which would 
give artlfiially low blood meas- 
urements and underestimate 
any effect of Na on Mood pras- 
sure. Only simple adjustments 
were used to cxlrmct for btas 
toward zero. Some papulatfons 
had been subjected to health 
campeigns to reduce Na intake 
which woukt underestimate cur- 
rent blood pressure effects due 
to pm&us habits. 

I3 sub@ts excluded (41 for in- 
complete urine collection and 2 
f0f pregn~cy). 

Results 

Mthll centers: Na signiffcantfy re- 
lated to SBP and DBP. Across 
52 centers Na srgnificantly re- 
lated to SBP, to DBP, and to 
changes in SBP and DBP with 
age. Across 48 centers: Na sig- 
nificantfy related to change in 
DBP with age and significantly 
and negatfvely related to DEP. 
Estimated that 2300 mg less 
Na per day corresponds to 
lower SEfP (2.2 mm Hg). lower 
DBP (0.1 mm Hg), and lower 
change of SBP (9.0 mm Hg) 
and DBP (4.5 mm Hg) with age 
from 25 to 45 years of age. 

ia intake significantly related to 
blood pressure: 2300 mg 
change in Na intake corm- 
sponded to 2.10 mm Hg 
change in SBP after multiple 
regression analysis to adjust for 
confounding factors. 

within centers: 
iverage Na intake related to SEP 

and DBP in men and in women, 
to SBP for men and women 
combined in 4 age categories. 
and to DBP in only the oldest 
age category. Across centers 
associations influenced by 4 
centers wfth low Na intake. 

rhhe higher the center’s median 
Na excretion, the steeper the 
slope of blood pressure with 
age. 

jBP pdsitfve and significantly re- 
lated b Na In 2 of 3 centers 
@ <o.w (Belfast. South 
Wales) and inconclusive in 
third. QBP relationship inconclu- 
sive in 3 centers. 

age scale 
nternational 
standard assessments 
Me data loss (approximately 

3%). Study methods consistent 
within and across fxrpulatiinr 
Withln center relationships and 
across center changes in mla- 
tionships with age were consist- 
ent. Across center relationships 
depended on inclusion or exclu- 
sion of 4 population centers 

Tegression coefficient similar to 
findings with the total INTER- 
SALT population. Total popula- 
tion: 2300 mg change in Na 
‘ntake corresponded to 2.17 
mm Hg change In SBP. 

issociations stronger for women 
than for men and for the older 
age categories. 

Mhors suggest that small clinical 
changes could result in large 
benefits to a population, espe 
cialiy in the cumulative effecbs 
over a lifetime. Authors d&n 
cltie thaf the Study gave “w 
eriul qtlmsw tests . . . poor 
qrmthwive esfknate9 of the 
s&eoftws6rslatlonsttips” 

\uth&s redomfMnd modest fn- 
cm&s6 in Ic and radubdons M 
Na, 06eslty, and haavy Slcoti 
drihkirtg and suggetrt tfl&S llfi+ 
style change5 @mid result ln 
doMn@ard &ii of popl(ati& 
bkxrd pre6sufe and pr6valerffks 
of frypertehsldn. 



Hashimoto (1969)...! INTERSALT study design. 
(Ref. 54) . . . . . . . . . . . . . ..__. 1 Analysis of data from 

three Japanese centers 
wban Osaka, rural 
Tochfgi. semi-rural 

Mancil laCawalho 
(1969). 

(Ref. 56) . . . . . . .._....... 

INTERSALT study design 
Analysis of data from 
four remote populations 
with low 777 (NaCI) 
intake. (vanomano and 
Xlngu lndllns in Brazil. 
rural Kenya. and rural 
Papua New Guinea). 

MancilIa-Carvsfho INTERSALT study design. 
(1969). 1 

(Ref. 59) ._..._,........... 1 
Analysts of data from 
Yanomano Indians. a 
semfnomadii population 
from tha Brazifiin. 
Amazon rainforests. 
Data collected July 
1986. 

Rose (1969) ........... 
(Ref. 64). ................ 

INTERSALT study design. 
summary of 
background, methods, 
and main results. 
Designed to apply 
highly standardiied 
methods across varied 
populatforta, to examine 
major confounding 
factors. and to evaluate 
the relatbnshlps In 
indffiduals 

591 subjects: 
(295 men, 296 women) 

731 subject% 
Yanomano Indiang: 195 

xlngulndlaM196 
rubjects 

ykNv Guinea: 162 

Kenya: 176 subjects 

195 subjects: 
(99 males, 96 females) 

NTERSALT populations . . . 

Normal diets 
Average Na of 4,300 mg 

per 24 hours 
berages: 
Osaka: 3.670 mg Na per 

24 hours. 
lochlgl: 4.150 mg Na per 

24 hours 
Toymat 4.690 mg Na per 

24 lwurs. 

Nomml diets . . . . . . . .._............. 
Mdian Na: 
tenormwIndiano:5mg 

Naper24hcura 
Ulngu Indfano: 130 mg Na 

per 24 hours. 
yapua New Guinea: 620 

mg Na per 24 hours. 
(enya: 1 ,160 mg Na per 

24 hours 

rlormaf diets . ..__......._...__..... 
\verage Na of 21 mg per 

24 hours. Range from 1 
mgto614mgper24 
hours. Diet of local 
crops and game 
supplemented by wild 
fruits and insects. 
Banana and maniac 
staple foods. Little salt. 
refhed sugar, alcohol, 
milk or dairy products in 
diet. 

Zame as INTERSALT . . . . . . . 

3 subjects excluded for incom- 
plete data. High within-indivfd. 
ual variation. Public health cam. 
paigns to reduce Na intake re 
sulted in declines in Na con- 
sumptlon. Blood Pressure, prev. 
alence of hypertension, and 
stroke mortalif. 16.7 normoten- 
slves and 47.4 hypertensives 
mceiving medical treatment rb 
ported reducing salt Intake. 

tverage body weight low relative 
to other 46 centers. No or low 
average akohof intake. Group 
varlabilll largest in Kenya pop 
ufation Authors noted that 
wfthfn-center association be- 
tween Na and blood pressure 
was unlikely due to smalf vart- 
ations in average Na and blood 
pressure. Adults were physically 
active and healthy with no 
signs of matnutrition or protein 
deficiency. 

.ow average body mass index, 
calcium intake, total fet and 
saturated fat. High K intake, 
fiber. No alcohol intake. Almost 
no obesity. Relatively high 
phyafcal actfvky and endurance. 
No physkal signs of evident 
mafnutritkm or protein deficien- 
cy. Na not consrdered in corre- 
lation analysis because non- 
normal dtstrtbution made it in- 
appropriate. May have eaten 
some food from investigators. 

rlanned study to be large enough 
to observe an effecL Planned 
standmdiied methods to allow 
for appropriate pooling of re- 
suits. Pfanned analysis method- 
ology to deal with confounding 
factors. f%nned random repeat 
urine colfections to estimate 
within-indfviial variability (“reli- 
ability”). 

SBP negative and srgnificantly re. 
lated to Na in 1 center 
(p<O.OOl). (Osaka). posftivf 
and sfgniffcantfy related to Na 
in 1 center @<0.05). (foyama] 
and inconclusive In third DBF 
negative and sfgniffcantly relat. 
ed to Na In 1 center (p<O.Oi). 
(Osaka) and inconcfusive in 
other two. 

%ur popufatfons had lowest aver. 
age Mood pressure compared 
to other 46 centers (SBP 01 
103 mm fig vs 120 mm Hg, 
DIP of 63 mm Hg VI 74 .mm 
Hg). Four populations had little 
or no.upward slope of blood 
pressure with age. Hyperterc 
sion In 5% of Kenyan popula. 
tlon and absent in other popula. 
tform. Four populationa had low 
average Na relative to other 46 
centers (l-3 grams NaCl vs 9 
grams NaCl). 

tverage SBP 96.0 mm Hg (range 
from 76 to 126 mm Hg). Aver- 
age DEP 60.6 mm Hg (range 
from 37 to 66 mm Hg). Low 
average blood pressure. No hy- 
pertension. No increases of 
blood pressure with age. 

la excretion srgrvficantly related 
to blood pressure in individuals 
and to rise of blood pressure 
with age. 

Authors recommend further re- 
ductions in Na. increases in K. 
and reductions in heavy dnnk- 
h& 

4uthom noted that when other 
centers had low average body 
weights and alcohol intake, but 
hfgh Na intake (2.760 to 4.630 
mg). the pm:a!ence o! hyper- 
tension ranged from 6 to 19%. 

! years for planning, funding, and 
recruitment of centers. Regional 
training meetings in 1964-l 965. 
Field work and labomtory anaf- 
yses completed in 1967. 
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TABLE ~.-S~DUM/HYPERTEN~~~N STUDIES 

Reference 

Australian 
National 
Health 
and 
Medical 
Re- 
search 
Counck 
Dietary 
Salt 
study 
Man- 

Gmmit- 
tee 
(1989a). 

(Ref. 44). . . 

Australian 
Nationa. 
Health 
and 
Mediil 
Re- 
search 
colmcil 
D-Y 
salt 
study. 
Man- 
agement 
commit- 

&*,. 
(Ret 45).... 

study design 
and duration 

double blind, 
placebo 
controlled, 
clinical 
intervention 
trial. 

3 weeks: run-in 
phase. 

3 weeks: diet 
phase. 

Subjects seen 
every 2 
weeks and 
24-hr urine 
provided at 
each vistt. 
During diet 
phase, all 
subjects 
monitored 
and 
counseled to 
keep dietary 
Na intake to 
below 1840 
mg Na per 
day. NaCl or 
placebo 
added to low 
Na base diet. 

louble blind, 
placebo 
controlled, 
clinical 
intervention 
mal. 
Continuation 
of previous 
study and 
study desisn 
to include 
cro55over 
phase. 

i weeks: run-h 
Phase. 

I weeks: diet 
phase 1. 

I weeks: diet 
phase 2. 

subjects Treatment or 

I------ intervention 

103 mildly Study 
hypertensive population: 8 
subtects (10 mmol) 
(Del? 90- slow release 

NaCl tablets 100 mm fig). 
‘86 male, 17 

female). 
Average age: 

58.4 years). 
qandomized 

into two 
groups. 

per day. 
Zontrol 

population: 8 
placebo 
tablet5 per 
day. 

I8 mildly 
hypertensive 
subjects 
(DBP: 90- 
100 mm fig). 

73 male, 15 
female). 

Average age: 
58.6 years). 

9andombd 
into two 
groups. 

study 
population: 8 
(IOmmol) 
slow release 
NaCl tablets 
per &Y. 

kmtrol 
poj3ulation. 8 
Placebo 
-l-t= 
day. 

Intake of test 
material 

1840 mg Na 
per day. 

1840 mg Na 
per day. 

Base diet 

.ow Na diet 
(< 1840 mg 
Na per day 
monitored by 
24-hr urine 
colleciion 
and dietary 
counseling). 

.ow Na diet 
(< 1840 mg 
Na per day 
monitored by 
24-hr urine 
collection 
and dietary 
coun5ellng). 

T t other factors 

! center5 . . . . . . . . . . . . . . . . . 
3 subjects dropped 

out. Large range 
of individual 
variatton SBP of 
study and control 
populatrons 
approached 
same value near 
end of study DSP 
of study and 
control 
populations 
approached each 
other but 
remained distinct 
at end of study. 
Confounding 
factors: age, sex, 
weight, initial 
blood pressure, 
center. 

! center5 . . . . . . . . . . . . . . . . . . 
I5 subjects 

dropped out 
between two diet 
phases. 79 
SW- 
completed study. 
Confoundtng 
factors: age, sex, 
weight, inttfat 
blood pressure. 
center, order of 
treatment. 

T 
Results 

Blood pressure of 
low Na group 
reduced an 
average 6.1 
(SBP) and 3.7 
(DSP) mm Hg in 
the study 
population 
relative to 0.8 
(SSP) and 0.9 
(DBP) mm Hg 
reduction in the 
control 
population 
(p<O.O05). 
Results remained 
significant after 
multi-variant 
analysis to adjust 
for age, weight, 
and initial blood 
pressure. 

3lood pressure of 
low Na group 
reduced an 
average 6.0 
(SSP) and 4.1 
(08P) mm Hg in 
the study 
population 
relative to 0.1 
(SBP) and 0.4 
(DBP) mm Hg 
reduction in the 
control 
.powation 
(p<O.ooi). Blood 
pressure reduced 
an average 3.6 
(Em) and 2.1 
(DBP) mm Hg In 
the NaCl diet 
phase vs the 
placebo &et 
Phase. 
Difference5 
independent of 
order of 
treatment. 
statl5tkal 
slgniflcance 
greater for DBP 
than for SBP. 

Assessment and 
comment5 

sound methodology 
skewed sex ratio, 

but approximately 
equal distributron 
to each group 
Dietary Na 
restrictron 
produced 
heterogeneous 
response in 
indivtduals. but -f? 
confirmato’ry 
studies in 
“responder” and 
“nonresponder” 
populations have 
not been done. 

iound 
methodology 
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TABLE 2.--SoDlUM/HYPERTENSlON STuorEs-Continued 

Reference 

Dustan 
(1999). 

ftef 121) 

HypEYtl33- 
SXXl 
Prtven- 
lion 
T,rai 
Re- 
search 
Group 
(1990). 

(Ref. 124) 

Study design 
and duration 

Clinical 
intervention 
trial. 

Protocol 1: 3 
days: 
Control 
phase, 4 
days: Na 
depletion 
phase, 3 
days: Na 
loading 
phase. 

Plotocol 2. 3 
days: 
COWJI 
phase, 3 
days. Na 
loading 
phase, 4 
days: Na 
depletion 
phase. Na 
determined 
by 24-holur 
unns 
m.xet)cn 
blood 
pressure 
determmed 
4 trmes pm 
day 

!ntetwntion 
Filal (parall91 
de%rgn) 3 
years Pm 
detern?s%d 
by tlmed. 
ove’c!ght. 
urme 
collecFlon 
blood 
prcssLlre 
determrned 
as amrage 
of 2 
“lWlS”re- 
merits 
Indivtduals 
WX?W?d 
dietary 
counseling 
(once a 
week far 10 
weeks. then 
every other 
week for 4 
weeks, then 
every other 
mon:h for 
the duration 
of the study). 

Subjects 
__--- 

‘rata& 1: 69 
normoten- 
sivaa and 21 
hypwten- 
slves. 

~otocol 2: 27 
nomioten- 
sives and 1 Q 
hyperten- 
slvas. 

12 
normoten- 
&es and Q 
hypwten- 
SIVes 
parttcipated 
in bcbrn 
protclcols. 
Hype&en- 
SlVBS~ were 
etthor 
untreated or 
had not 
received 
antihyperten- 
eve 
"6dil~stbfl 
for at least f 
month. 

34 7 aub+ss 
@BP 73439 
mm I-!@ (no 
antihyperten- 
SW8 
medkation 
or eddence 
Of 
cardiovascu- 
It% dw?Pse) 
(E;S% 
ma:e) 
(82.244 
whtle) 
(Ave%ge 
aye: 3:Em 
Y%W) 
F?andcmired 
into 5 
$“sUp!;. 

Treatment or 
intervention 

Na depletion 
phase: 
Furosemide 
(1 WPer 
kg) taken as 
2 divided 
doses. 

I\ia loading 
phase: 
isotonic 
saline (3.86 
mM NaCl 
w k9 per 
daYI 
supplied 
lntravenausly 
over 4 hrs. 

d i*lts‘YanFicn 
g”“ps Wd 
e contrci. 

5 gmups: I) 
Reducx? 
cala:ier;, 2) 
Recluca NR. 
3) Aedileo 
calories and 
Ha. 4) 
Reduce i%a 
and increase 
K, 5) Conirol 

intake of test 
matenal --- 

lrla loading 
phase: OU 
ma Na per 
kg per &Y. 

ease diet 

ZOClbOWd 
diets. 

&ntrol phase: 
3450 mg Na 
PM day 
(assumed as 
diet since 
was not 
clear). Na 
deplehon 
and loading 
phases: 210 
mg Na per 
day. 

lrnup goal 01 
50 :h 
redmt:on in 
average 
dretary NA 
irdtviduat 
goa: of less 
than 1610 
mgld. 

other factors 
lL- 

3nly Na laadiig 
peffomed 
‘mtmverrously 
which introduces 
variability. Law 
Na phase was 
extreme: Only 
210 mg par day. 

dufbptiers uso$ to 
eshmate 24-br 
Na from timed. , 
DVQrrliffh!. um?e 
w:leciGns. All 
groups. tncludq 
me CGritiOl, had 
reductions in Na 
excretion and m 
blood pressure 
during follow-up. 
Largest sustamed 
reduction m Na 
ocw”3d on me 
group 
encout-aged to 
reduce both NA 
and calories. 
Intervention 
poputattons blood 
pressure levels 
were tower than 
those of the 
COlltrOl 
population. 

AQslJlts 

Protacd 1. Mean 
arierial blood 
pressure in 
hypertensivea fell 
and me wtth Na 
(116 to 104 to 
110 mm fig). 
Me-an artertaf 
Mood pressure in 
norrnotensives 
remamed stable 
throughout (84 to 
63 to 81 mm Hg). 

Protocol 2: Mean 
arterial blood 
pressure in 
hypertensives 
and soma 
normotenstves 
rose and fetl wtth 
Na (107 to 111 
to 98 mm Hg and 
63 to 87 to 82 
mm Hg). 
Separate analysie 
cf subjects who 
parhctpated m 
bath protocols 
suggested that 
seyilence was 
not trnporhnt. 

Ka r~urtlon 
StSllS*uc-¶lly 
s gm~ican! et 6 
mcflths (p G 
0.002) nrd 
r:‘FIgma! at 3 
pels (p “= 
0 053) hiood 
pressure 
r@dJCtionS 
generally below 
those of control 
popul?;t~on. but 
changes were 
oat statistrcatly 
sqtificant. 

Assessment and 
CQmments _I_- 

klrt study 
m Na diet was 

extreme 
PopCItatIon 
differed between 
two protocols 
Means of 
administerfng Na 
differed between 
dtflerent phases. 

ktthoffi nc’e thzt 
ma;nLcnmg 
dretaty chrloges 
in Iree-living 
populations is 
dimAt 
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TABLE 2.-~ODlUM/~YPERTENSlON STUDIES-Continued 

Reference 

(1‘990). 
(Ref. 76). 

Lasaridis 
(1989). 

(Ref. 55).. 

Luft 
(1990). 

(Ref. XI).. 

( 

. . . 
2 

c 

c 

E 

F 

. 

F 

F 

F 

Study design 
and durabn 

Xinicai 
intervention 
Mal. Dietary 
counseling 
and 
feedback, 
foilow-up 
from3to18 
months Na 
determined 
monthly by 
24-h; 
excretion 
blood 
pressure 
determined 
monthtj. 
Participants 
asked to 
return for 
evaluation at 
15 months. 

:kmcal 
intenlention 
that. 

! days: 
adaptation 
penod. 

i days. low Na 
dret. 

i days: htgh 
Na diet. 

3lcod pressure 
(oupm and 
standing) 
determined 
3 hms per 
day. Na 
determmad 
by 24-h: 
urine 
axcrekon. 

‘lacebo 
controlled 

trial. 
‘base 1: 4 

days: low Na 
diet. 7 days: 
low Na diet 
pkJs mineral 
water with 
NaCl or 
NatiC03. 

+ase 2: 4 
a;ys: low Na 
diet. 7 days; 
low Na diet 
plus mineral 
water wtth 
NaHC03 or 
NaCI. All 
urine 

‘base 1 and 
Phase 2 
conducted a 
month apart 

Subjects 

!6 mild to 
moderate 
hyperten- 
sives 
(avefaae 
initial SSP: 
144.5 mm 
Hg. average 
initial DSP: 
95.4 mm Hg) 

‘6 
hypertensive 
patients. 

10 males, 6 
lemales). 

Average age: 
47.3 years). 

Age range: 
30-64 years 
Of age). 

0 mildly 
hypertensive 
subjects 
(blood 
pressure 
>140/99 
mm Hg) and 
10 
normoten- 
sive subjects 
(blood 
pr-e 
< 140190 
mm Hg) (10 
maie. IO 
female) (10 
black, 10 
white) 
(Average 
age: 36 
Years) 
Randomized 
Into two 
9’wpS. 

- 
Treatment or 
intervention 

Dk3tary 
I:ounseling 
land 
feedback 
monthly. 
Dietary 
counseling 
and Na and 
blood 
pressure 
measure- 
rnents ender 
td 12 
months. 

N/A .._ ..___.. 

NaHC03 
Phase: 3 
liiers per day 
of mineral 
water 
containing 
NaHC03 
(26.2 mmol/l 
Na. 33.03 
mmof/l 
HCO3. and 
4.23 mmolll 
P). 

UaCl Phase: 3 
liners per day 
of mineral 
water 
contaming 
NaCl (26.2 
mrnolll Na 
and 36.07 
mmol/l Cl). 

Intake of test 
mfttelM 

N/A ..,.......,.....,,. 

%‘A ..__... ..___ 

1610 mg Na 
per day. 

,. 

Ease diet Other factors 

Low Ma diets 
encouraged. 

Controlled low 
Na diet: 
1150 mg Na 
per day. 

Controlled high 
Na diet: 
4600 mg Na 
per day. 

Controlled low 
Na diet 
containing 
1380 mg Na 
per day. All 
foods 
prepared 
and eaten at 
research 
center. 
Same food 
eaten for 
each meal 
every day 
dunng both 
phases of 
study. 

7 subjects dropped 
out (4 for high 
DSP, 2 for 
suspected 
angina, and 1 for 
stroke). During 
1st 3 months of 
study, 
participants had 
been divided into 
an intervention 
and a control 
group. Control 
group participants 
received dietary 
counseling from 
3 to 12 months. 
Intervention 
group parbcipants 
received 
counseling from 
0 to 12 months.. 

Blood pressure 
determined by 
automated 
device Patients 
on high Na diet 
had an average 
increase in body 
weight of 1.3 kg 
(P<O.Ol). 
“Responders” (6 
patients wr!h a 
change in mean 
sl;pme biood 
pressure >6 mm 
Hg). Low-renm 
patients (6 
pationts wrth 
plasma renin 
activity <3 rig/ml 
per hr during Na 
deprivation). 
“Responders” 
ware virtually atl 
Iow-renin patients. 

?lood pressure 
determined by 
automated 
device. NaHC03 
mineral water 
contained 12.69 
mmd Cl per day. 
Base diet 
contained 60 
mmol Cl per day. 
NaCl increased 
calcium excretion 
whereas 
NaHC03 did not. 

Results 

4veraga Na 
decrease of 510 
mgpar24hrs 

f&Z). 
decrease tn SBP 
of 3.7 mm Hg 
fP<O.O6). 
Average 
decrease in DBP 
of 4.0 mm kg 
(p<O.Ol). Na and 
blood pressure 
decrease during 
first 6 months 
then leveled off 
at lower values. 

kerage Na rose 
from 1180 to 
4440 mg Na per 
day (p<O.O01). 
Average supine 
blood pressure 
rose 6.7 mm Hg 
(from 102.7 to 
109.4 mm Hg) 
(P<O.~~). 
Average standing 
btood pezsure 
rose 5.0 mm Hg 
(from 107.6 to 
112.6 mm Hg) 
(not signtftcant). 

JaCl intake period: 
Blood pressure 
did not change in 
hypertensive or 
normotenstve 
subiects. 

laCH03 intake 
period: SSP 
decreased by 5 
mm Hg in 
hypertensive 
subjjts 
(p<O.O5). SBP 
did not change in 
normotensive 
subjects. DPB did 
not change in 
hypertensive or 
normotenstve 
subjects. 

Assessment and 
comments 

%natl study. 
Vo untreated 

control group 
followed 
throughout 

3mall study 
riot clear if patients 

were receiving or 
had received 
antihypertensive 
medtcation. Low- 
renin pabents 
appeared to 
respond better to 
changes in Na. 

small sample sue 
laCl and NaCH03 

may diner in their 
effects on blood 
pressure. 
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Peferenci 

MacGre- 
gor 
(1969). 

(Ref. 122) 

Mascioli 
(1991). 

(Ref. 109) 

double bknd, 
placebo 
controlled, 
crossover 
trial. 

! months: 
observation, 
4 weeks: low 
Na diet 
phase, 1 
month: 1st 
diit phase, I 
month: 2nd 
diet phase, 1 
month: 3rd 
diet phase, 
12 months: 
follow up. 
Diet phases 
included 
total dally 
drets of 
1150.2300. 
and 4600 
mg Na. 
Blood 
pressure 
determined 
as average 
of 5 
measure- 
ments. Na 
determined 
as average 
of 2 24-hr 
urine 
collections. 

double Mind, 
placebo 
controlled, 
crossover 
trial. 

‘base 1: 4 
weeks: NaCl 
or piacebo 
capsules. 

‘base 2: 4 
weeks: 
placebo or 
NaCl 
capsules. 
Phase 1 
preceded by 
2 weeks of 
testing and 6 
weeks of 
dtetary 
counseling 
to achieve 
low Na dret. 
2 week 
washout 
period 
(placebo 
capsules) 
between 
phases. Low 
Na diet 
contulued 
throughout. 

Siudk design 
and duration 

-r -- 
Subjeds 

20 subjects 
with mild 
hypertension 
(DBP: 90- 
110). 

(11 men, 9 
w0m3n). 

[I 5 whites, 5 
blacks:). 

[Average age: 
57 years). 

(Age range: 
42-72 years). 

06 
normoten- 
sive subiects. 

[SBP<150 
mm Hg. 
DBP: 60-69). 

‘47wW~ 1 

[79% male) t...... 
[Average age: 

52 years) 
Randomized 
into two 
groups. 

Treatment or 
intervention 

1150 mg Na 
phase: 16 
placebo 
tablets per 
day. 2300 
mg Na 
phase: 7 (IO 
mmol) slow 
release NaCl 
tablets plus 
9 placebo 
tablets per 
day. 4600 
mg Na 
phase: 16 
(IO mmol) 
slow release 
NaCl tablets 
per day. 

Intervention 
phase: 6 (16 
tneq) NaCl 
capsules per 
day Control 
Phase:6 
placebo 
capsules per 
day. 

Intake of test 
material 

1150 mg Na 
phase: 0 mg 
Na per day. 
2300 mg Na 
phase: 1810 
mg Na per 
day. 4600 
mg Na 
phase: 3660 
mg Na per 
day. 

2210 mg Na 
per day. 

Base diet Other factors 

Low Na diet 
(690-l 150 
mg Na per 
day) 
monitored by 
24-hr urine 
collection 
and dietary 
counseling. 

Excluded patients 
with renal failure, 
ischaemic heart 
dlwase. 
cerebrwascular 
d&ease. and 
those taking oral 
contraceptives or 
other drugs. 
Weight increased 
as Na increased, 
but change was 
not significant. 16 
to 20 (1 moved. 
3 medicated) 
controlled blood 
pressure by salt 
restriction alone 
for the year 
following the 
study (Na of 
142Omgper24 
hr. SBP of 142 
mm Hg. DBP of 
67 mm Hg). 

Low Na diet 
(<605 mg 
Napertimed 
overnight. 6- 
hr urine 
excretion 
assessed 
prior to 
Phase 1 by 
5 
consecutive 
overnight 
urine 
collections 
below 605 
mg Nab 

23% of inW 
participants 
excluded for hiih 
urineNAfeveis.2 
subjects dropped 
out. Blood 
pressure 
measured every 
2 weeks (twice at 
each visit) 6-hr 
urlna measured 
at beginning of 
Phase 1 and at 
end of each 
phase. Subjects 
lost weight and 
blood pressure 
dropping during 
diet only phase. 

Results 

la in 3 phases was 
1130, 2460, and 
4370 mg per 24- 
hr. SBP in 3 
phases was 147, 
155, and 163 mm 
Hg. DBP m 3 
phases was 91, 
95. and 100 mm 
Hg. Average 
change in blood 
pressure from 
lowest to highest 
Na intake was 16 
mm Hg SBP and 
9 mm Hg DBP 
(p<o.ool). 

\verage SBP 3.6 
mm fig hiiher 
during NaCl 
treatment period 
as compared with 
P-period 
(p<o.oor). 
Average DBP 2.3 
mmfighigher 
during NaCl 
treatment period 
as compared with 
placebo, period 
(p<O.O05). 65% 
and 69% of 
participants 
experienced an 
increase of SBP 
and DBP, 
respectively, 
when on NaCl 
capsules as 
compared with 
placebo capsules. 

P ssessment and 
comments 

3lood pressure 
differences were 
not affected by 
theorderin 
whichtheNa 
intake was 
altered. 
Necessary to 
have some salt- 
free products (i.e. 
salt-free bread) in 
order to reach 
the dietary Na 
intake of 690- 
1150 mg Na per 
4ay. 

Sound methodology 
Istimated 3-6 mm 

Hg increase m 
SBP and 2-4 mm 
Hg increase in 
DBP associated 
wall 2300 mg 
increase in Na 
intake. 



TABLE t--SODtUMf~ N STUDIES-Contfnued 

Smith 
(1999). 

(Ref. 411.. 

Study design; 
and duration 

Lzlnical 
lnterveR6on 
trial. 

3 days control 
phase. 

7 days: dlet 
phase. 

3ne group on 
Low Na dlet 
other on 
normaf dtet 
plus Na as 
cormomme 
soup. Blood 
pressure 
determined 
daily. Na 
determined 
by 24-hr Na 
excretion. 

hss 

study. Part 
of Scottish 
heart health 

:z~ta 
from 19&G 
1986. Na 
intake 
detemlkled 
ZmTek 24- 
collection. 
Blood 
pressure 
detwmmed 
$=-w 

measure- 
ments. 

Sub@cts 

30 
nermoten- 

Ezanian 
bfack male 
sub)acts 
Randombed 
intotwo 
PJPS. 

‘354 subjects 
from 22 
districts kl 
Scotland 
(3754 males. 
3600 
females). 

Age range: 
40-59 years) 
Bw=ts 
chosen et 
random. 

Treatment or 
intetvenkon 

ti2hGrnyp: 

MaOI per 
day as 
consomme 
soup. 

WA . . . . . . . . . . ..-..... 

-I- 

I 

. . f 

Intnb of test 

4gh Na group: 
5750, mg Na 

U/A . . . . . . . . . . . . . . . . . . . 

Be5e diet 

:ontrol phase: 
Oiat of . 
i!iszzz 
Lowe No 
groupz 1150 
mg&eper 
day- Higtt Na 
VW 
Normal diet 
of 
unspecified 
Na content. 

t 

Uormal diets.... . . ! 

- 
Other factors 

Wed pressure 
determined by 
automated 
device.Agesof 
paFtldparlts not 
specified. 

3ingfe Na 
measurement 
does not assess 
prevkms or 
habitual Na 
intake habits. 
74% response 
rate, 17.5% 
excluded 
(generally for 
faifure to provide 
urine). 1.6% 
excluded due to 
antihypertensive 
medication. 
Confounding 
fetter% ag& 

RedtS 

y-n& 

between two 
gbwpswithin4-5 
days (p<O.ool), 

LQWNaQEOUptNa. 

zp?zi? psc 
art&l blood 
pressure fell fmm 
87to911mmHg. 

High Na groups Na 
of 7750 nlg per 
day. Mean 
arterial Mood 
pressure rose 
from 88 to 8% 
mm Hg. 

Weak, positive 
correletion 
between Na and 
blood pressure in 
both se#~s. Na 
correlation with 
SSP 0.025 fbr 
males and CM55 
for females. Na 
cofrela6on with 
DBP 0.026 for 
males and a061 
for femaka P&t 
not pcwnm 
yfJnw 
analyafa 

Assessment and 
comments 

3~nttul diet and 
normal dtet of 
unknown Na 
content. 

3hgle population: 
Hi@ Na diet 
phase was 
excessively high 
in NA (7759 mg 
per day). 

arge study 
pofwlatton. 

%@a community 
I-d). 
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TABLE 2.-SODlUM/HYPERTEWSroN STUDIES--COt’ItifIUBd 

Referenca 

Staesaen 
(1986). 

(Rel. 42) 

Stamler, 

:al39,. 
(Ref. 70)... 

T 
&dy design 
and duratron 

:ross 
sectronal 
tntewentron 
tnal. 5 years 
(1979-1965). 
Mass media 
campaign to 
avord salt 
dtrected 
mainly at 
women in 
one town. 
Control town 
was 
observed. 
Urinary NA 
excrebon 
and Mood 
pressure 
determined 
at beginning 
andmdol 
interventton 

rterven6on 
trial 5 years. 

ltewention 
subiects: 
Extensive 
dietary and 
Gfestyle 
wunselfng 
varytng from 
Zvisitsper 
week inittaky 
to 4 visits 
per Year. 

:ontrol 
subjects: 2 
visita per 
year Blood 
pressure 
measured 2 
times per 
year Na 
from urinary 
excretion 
measured 1 
time per 
year. 

-- 

BUbjWtS 
-- 

nterventiin 
town of 
12,009 and 
contra! town 
of 9,OOO 
BelgiaJl 
inhabitants. 
2211 
subjects 
examtned (5 
and 19% 
random 
sample at 
basetine in 
control and 
intervembon 
town, 
respecaivefy: 
doubled at 
fdbwup). 

~ijE$s 

from fotfow- 
up. Data 
from 1697 
subjects 
analyzed. 
(777 males, 
733 femdes) 
with and 
wmout 167 
subjects on 
antihyperterb 
sive 
medication. 

!Ol 
hypertension 
prow 
subjects 

%? zz!t’ 
mm Hg) or 
(WJ nornld 
DBf? 00-64 
plus to-. 
49% 
ovenvetght) 
and/or 
lwg ;%I 

> 80 beats 
per mtn). 
Randomtzed 
Into two 
BrwJs (402 
kueNentii 
subject.9 and 
99 control 
subjects]~. 

I 

II 

Treatment or 
tnterventron 

nterventron 
town (IT): 
Leaflets sent 
tOrrllhOlll8S. 

&$&d, 
radii and 
newspa.per 
ads run. 
Actrve 
support from 
Town 
Council, 
local health 
officials and 
practitioners, 
and 
insurance 
organiza- 
tions. Local 
bakers and 
restaurants 
asked to 
prepare low- 
salt foods. 
Women’s 
clubs. health 
education 
courses, and 
children’s 
homework 
targeted. 
CQntrol town 
(CT): salt 
not 
mentioned 
as a health 
hazard. 

ntervention 
goals: 1) 
Reduce daily 
NA intake, 
2) Reduce 
alcohot 
Intake, 3) 
Reduce 
overweight 
4) Increase 
moderate 

-I- 
Intake of test 

material 

VA.. ........ ..I .... 

J/A.. ................ 

Base dtet 

vormal diets.... 

;osi of 
(1600 mg 
Na per day. 
13% of 
interventtt 
su%- 
achieved Na 
interventii 
PI. 
Average Na 
intake 
reduced by 
24% in 
intervention 

!ZP3(zr? 
mg/day to 
3040 mgl 
day) vs 6% 
In control 

iii?igr 
mgf day to 
4060 mgf 
day)(P<O.OO 

Other factors 

lata from teens 
excluded (464 
subjects). Data 
excluded d unne 
volume or 
creatintne 
excretion outside 
limits (50 
subjects). Blood 
pressure 
determined as 
average of 10 
measurements 
collected at 2 
home visits 2-5 
weeks apart Na 
determined by 
24-hr urine 
extraction. 
Baseline and 
fotlow-up data 
taken on dtereni 
subjects. 

miple 
inteNentlona. 
Blood prwsure 
rnessm at 
work&e and at 
offk2eand 
workslte 
mwurements 
usedfor 
comperlsm 24 
hr NA estimated 
from tkned, 6.hr 
Naemetionand 
muttiptii. 
StatistkMy 
significanl 
changeslntofrl 
intervemtons: NA 
Intake. atcohd 
intake, and 
wetght reduction. 
statts6calty 
signtftkcant 
relatkmship wtth 
blood pressure in 
oneof 
tnterventtons 
weight reductton. 

Results 

.he trends in Na, 
SBP. and DBP in 
man and women 
were similar 
be&ram the two 
towns except for 
Na in women 
which was 
signttintly lower 
in the IT than in 
theCT.Na 
changes ranged 
from +I60 mg in 
females in CT to 
-410 mg in 
females in IT. 
SBP changes 
ranged from 
-4.4 mm Hg in 
males in CT to 
-9.1 mm Hg in 
females in IT. 
DBP changes 
ranged from 
+ 1.6 mm Hg in 
males in CT to 
-2.6 in females 
In IT. 

9% of 00md 
subjects and 9% 
of intervention 
subjects 
hm 
hypartension 
(DBP >90 mm 
Hg or 
medication). SBP: 
Reductkm of 2.6 
mm Hg (from 
122.5 to 119.8 
mm Hg) in 
intervention 
group vs 1.3 mm 
Hg in control 
group (from 
122.7 to 121.5 
mm Hg). DBP 
Reduction of 1.3 
mm Hg (from 
82.5 to 61.2) in 
intervention 
groupvsO.l in 
control wow 
(from 62.6 to 
62.5 mm Hg). 
Aetabjonship 
between Na and 
blood pressure 
not independentty 
stgnificant. 

Assessment and 
comments 

.arge range of 
variation in 
results affects 
interpretatron 
(eg.: change in 
Na in females in 
control town was 
+ 160 &210 
~1. No 
independent 
assessment of 
information 
available to 
subjects in 
control town 
between 1979 
and 1965 
regarding Na ant’ 
health hazards. 
rnconclusive. 

(ppropriate 
statistical tools 
used. Low 
dropout rate: 
87% panictpatfng 
at least 4 years 
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TABLE 2.-SODlUM/f-tYPERTENSlON STUDIES-ChntinUed 

Reference 

Takemori 
(1989). 

(Ref. 71).. 

Trials of 
Hyper- 
tension 
Preven- 
tion 
(TOHP) 
collabo- 
rative 
I33 
search 
Group 
(Ab- 
stract) 
(1991). 

(Ref. 123) 

Study design 
and duration 

Cross 
sectional 
study Na 
intake 
determined 
byspot 
urine. Blood 
pressure 
determined 
by single 
measure- 
ment. Data 
collected in 
1985. 

Clinical 
intervention 
trial. 
Investigation 
of 7 
nonpharma- 
WlogicJ 
interventions 
in persons 
with hfgh 
normal blood 
pressure. 
Checked at 
6. 12. and 
18 months 
into study. 

T 

Subjects 
-- 

7.441 
Japanese 
females fron 
68 urban 
and 81 rural 
municfpali- 
ties includirx 
all 
prefectures 
in Japan. 

I3933 urban 
subjects, 
3508 rural 
subjects). 

:3 age groups 
between 40 
and 69 year! 
of age). 

2182 subjects 
wfth high 
normal bloom 
pressure. 

;DBP: 80-89 
mm Hg). 

:Age range: 
30-54 years 
randomized 
to 1 of 8 
groups. 

I 

n 

3 

s 

j 

) 

1 

Treatment or Intake of t 
intervention matena 

VIA . . . . . . . . . . . . . . . . . VIA . . . . . . . . . . 

I’ interventions 
(3 lifestyle 
cfmges for 
18 montfls, 
4 nutli6oll 
supplements 
for 6 
months) and 
1 control). 

I ) weight loss 
and 
exercise, 2) 
NA 
restriction, 3) 
stress 
manage- 
ment, 4) 
calcium 
supplemen- 
tation, 5) 
magnesium 
suppfemen- 
tatii. 6) 
potassium 
supplemen- 
tation, 7) fish 
oil 
supplemen- 
tation, 8) 
control. 

Uone .__....... 

est 
I 

. . I 

. I 

Base diet 

Uormal duet 
averaging 
372g mg Na 
per day. 

Uone . . . . . . . . . . . . . . . 

I 

f 

Other factors 

iistory of being 
hypertensive or 
on 
antihypertensfve 
medicine not 
COflSldW0d. 

Confounding 
factors: age, 
height, weight, 
potassium. 

Uone . . . . . . . . . . . . . . . . . . . . . . . . . 

Results 

Increase of 2300 
mg Na per day 
related to 
increase of 4.5 
mmligSBP 
(urban: 4.1 mm 
Hg. rural: 4.9 mm 
Hg) and an 
increase of 1.6 
mmHgDBP 
(urban: 1.2 mm 
Hg. rurak 2.0 mm 
W. 

39% reduction in 
Na at 18 months. 

SBP 1.5 mm fig 
lowerat 18 
months (p=O.O5). 

DBP 0.8 mm Hg 
lower at 16 
months (p-0.07) 

Assessment and 
comments 

spot urine and 
predlltwe 
equations used 
to estimate 24-hr 
Na adds to 
uncertainty of 
results. Single 
population. 

Wtors suggest 
that weight loss 
and Na restrfctfor 
are the most 
pro~lng 
nonpharmacologi- 
Cal interventfons 
for hypertension 
control. 






